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INTRODUCTION 
Stunting syndrome (SS) is an enteric disorder that affects very 
young, fast-growing chickens and turkeys worldwide. This disease 
manifests itself in a variety of ways in different parts of the world and 
from one field outbreak to another. Consistent signs of the disease are 
severe stunting and impaired feed conversions in the very young bird. 
Economic losses due to SS are not so much due to the mortality 
(which is moderate and occurs within the first 2 weeks after hatch) of 
affected birds but to morbidity. Generally, about 20% of the birds in an 
affected flock are severely stunted and their feed conversion is 
impaired. At the end of the grow out period, flocks that have been 
affected with SS have birds of widely differing sizes which brings about 
more economic losses at the slaughter plant. Secondary effects of SS 
(i.e., leg problems) also contribute to the high economic losses brought 
about by this disease. 
Up to now, all the research done on SS has dealt with the disease as 
it manifests itself in broiler chickens. The only information available 
on the effects of SS in turkeys is a very limited amount coming from 
field observations. It is clear, though, that SS affects turkeys as well 
as chickens. 
At this time, many questions remain to be answered on most aspects 
of SS. Even though most of the research data available on SS deals with 
the etiology of this disease, it is still not clear what the causative 
agent(s) is, and why this disease manifests itself in varying ways from 
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one field case to another. How big the Impact of impaired digestion 
and(or) absorption is, in terms of explaining the severe growth 
depression consistently observed in this disease, has not been 
elucidated. Metabolic alterations may be an important factor in SS, but 
no research has addressed this aspect of SS. 
The research presented in this dissertation addresses a few of these 
unanswered questions. (1) Can SS be induced in turkeys under 
experimental conditions, and, if so, can it be induced in a consistent 
manner throughout different experiments? (2) How does this disease 
manifest itself in the young turkey in terms of performance and 
physiological changes? (3) How does SS affect nutrient retention in 
poults, and what is the effect on the conversion of retained nutrients 
into body tissues? (4) Finally, can dietary manipulations alter the 
course and severity of this disease? 
Explanation of Dissertation Format 
The three sections that constitute the main body of this 
dissertation represent three complete manuscripts. The first section 
contains a manuscript that has been submitted for publication in Avian 
Diseases. The second section contains a manuscript that has been 
submitted for publication in the Journal of the Poultry Science 
Association. These first two manuscripts were submitted for publication 
under the authorship of C. Roselina Angel, Jerry L. Sell, and Darrell W. 
Trampel. The third section is a manuscript that will be submitted for 
publication either in a shorter form or as two manuscripts in the Journal 
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of the Poultry Science Association under the authorship of C. R. Angel, 
J. L. Sell, E. Mallarino, H. Al-Batshan, J. Piquer, and M. F. Soto 
Salanova. C. R. Angel is the senior author of the three manuscripts. 
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LITERATURE REVIEW 
General 
The research presented in this dissertation focuses on the young 
turkey, specifically on the physiological development of poults during 
the first few weeks after hatch when they are undergoing a major 
transition in terms of metabolism and ability to utilize the nutrients of 
the diet. During this time of transition, poults appear to be more 
susceptible to enteric disorders. The overall objective of this research 
was to study the changes that occur during the early post-hatch life of 
healthy poults and of poults affected with an enteric disorder, and how 
these changes could be altered by manipulating nutrients or dietary 
constituents. The enteric disorder chosen as a model for enteric 
disorders in the young poult was stunting syndrome (SS). 
Most of the information presented in this literature review deals 
with the effects of stunting syndrome on broiler chickens since, to the 
author's knowledge, no research is available concerning SS in turkeys. A 
general overview of the SS-disease signs and of what is known about the 
etiology of SS is presented, but the main emphasis is on the effects of 
SS on the intestinal physiology and nutritional status of young broilers. 
SS is an enteric disorder that has been described under many names 
due, in part, to the variability in disease signs associated with it. 
The name SS has been chosen in this dissertation because it best 
describes the overt signs of the disease observed in turkey poults under 
the experimental conditions used in this research. 
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Nutritional Status at Hatch and Early Digestive Capabilities 
Young chickens and turkeys need to make rapid physiological and 
nutritional adjustments soon after hatching. The hatchlings must change 
within the first 3 to 6 days from a primary dependence on lipids as an 
energy source to a reliance on carbohydrates. During late embryonic 
development, they derive nutrients from the egg, but after hatch their 
source of nutrients is the diet, although residual yolk provides a short-
term nutrient supply. On a dry matter basis, fat concentration is 
markedly less in the diet than it is in the egg yolk (approximately 5.6 
and 63.5% of the dry matter in the diet and egg yolk, respectively) and 
carbohydrate concentration is higher in the diet (65%) than in the egg 
yolk (1.5% or less). For a few days before and at the time of emergence 
from the egg, chickens and turkeys are in a lipemic (Entenman et al., 
1940), ketotic (Best, 1966) state. At hatch, liver glycogen levels are 
very low (Freeman, 1965) and the activity of hepatic glycogen synthase is 
low (Rosebrough et al., 1979). During a successful transition from 
lipid-dependent metabolism to carbohydrate metabolism, both hepatic 
glycogen and glycogen synthase increase rapidly (i.e., days 2 to 4 post-
hatch) (Entenman et al., 1940; Rosebrough et al., 1979). 
For the first few days after hatch, poults are going through a 
period of maldigestion of fats, proteins, and carbohydrates and 
malabsorption of nutrients (Phelps et al., 1987). At hatch, chickens and 
turkeys have a relatively immature intestinal tract (Moran, 1985) with 
short villi (Raheja et al., 1977) and microvilli that do not fully 
develop until 5 to 7 days after hatch (Chambers and Gray, 1979). 
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The activities of digestive enzymes in the newly hatched bird are 
low compared with mature levels. Pancreatic amylase, trypsin, and lipase 
activities in poults at hatch are approximately 20, 50, and 30%, 
respectively, of the activities observed at 56 days of age (Krogdahl and 
Sell, 1989). Subsequently, amylase activity increases rapidly through 21 
days of age while trypsin activity increases more slowly. Lipase 
activity remains low through 14 to 16 days of age and then increases, 
plateauing at about 36 days of age (Krogdahl and Sell, 1989). These 
observations were confirmed by Escribano et al. (1988). 
In the Instance of the membrane-bound disaccharidases, Siddons 
(1969) found low maltase and sucrase activities in the intestinal mucosa 
of hatchling chicks. Similarly, Sell et al. (1989) observed low sucrase 
and isomaltase activities in the mucosa of newly hatched poults, with the 
levels of these enzymes increasing slowly during the first few weeks 
after hatch. Maltase, on the other hand, was relatively high at hatch in 
poults. This is in contrast to chicks where maltase was low at hatch 
(Siddons, 1969). Chicks, however, developed sucrase activity much more 
rapidly than did poults, while the opposite was true for maltase. 
The low activities of digestive enzymes during the first few weeks 
after hatch translate into poor utilization of nutrients. Recent 
research by Sell ^  al. (unpublished data) showed that retention of 
dietary fat, protein, and energy in poults was low between 1 and 5 days 
of age and started to improve between 5 and 7 days of age. Marked 
improvements in the digestibility of fat in young turkeys has been 
observed between 2 and 4 weeks of age (Sell et al., 1986). In work done 
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with chickens, Zelenka (1973) found that the digestibility coefficients 
of organic matter, nitrogen-free extract, and lipids were low for the 
first 2 to 6 days of age and improved by 20 to 25 percentage units during 
the subsequent 8 to 14 days. 
Susceptibility of Young Poultry to Enteric Disorders 
The immaturity of the digestive tract and the metabolic transition 
state of neonate poultry seems to make them more susceptible to many 
environmental factors that may impair health and performance. Two 
commonly used diet constituents, soybean meal and supplemental fat, may 
be involved in intestinal disturbances of hatchlings. Soybean meal 
contains antinutritional factors (Liener, 1981) that may exacerbate the 
immaturity of digestive processes. These include substantial 
concentrations of oligosaccharides (raffinose and stachyose) (Kawamura et 
al., 1968) that are not digested by poultry and, consequently, may cause 
digestive disturbances such as osmotic diarrhea and flatulence (Wiggins, 
1984). Soybean meal also contains a substantial amount of sucrose and 
because neonate turkeys have very little sucrase (Sell et al., 1989), 
undigested sucrose would increase the osmotic load and interfere with 
digestive processes. Supplemental fat, which is poorly digested by young 
poultry (Sell et al., 1986), also could affect the digestion of other 
diet constituents. The use of supplemental fat to replace part of the 
dietary carbohydrates was found to reduce the rate of development of 
sucrase and maltase activity in poult intestines, especially during the 
first 14 days after hatch (Sell e^ , 1989). High protein, high energy 
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broiler and turkey starter diets commonly used in the poultry industry, 
contain high levels of soybean meal (which increases the oligosaccharide 
and sucrose content of the diet) and supplemental fat (which reduces 
early sucrase activity). In a practical sense, however, the impact of 
soybean meal and of supplemental fat in the diets of neonate poultry has 
yet to be determined. 
Pathogens frequently cause enteric disorders in young poultry. 
Because of its immaturity at hatch, the neonate chicken or turkey may be 
specially susceptible to enteric pathogens. Such is the case with SS, an 
enteric disorder which seems to affect only the very young (Kouwenhoven 
et al., 1986). 
General Characteristics of Stunting Syndrome 
Very little information is available in the literature dealing 
directly with SS in turkeys. Bracewell and Randall (1984) briefly 
described SS in turkeys as it was observed under field situations. 
However, no research has been done on SS using field affected or 
experimentally infected turkeys as the experimental animal. Thus, for 
this review of the literature, the Information available on SS in broiler 
chickens will be used. 
In the 1940s, Robertson and Levine (1943) and Robertson et al. 
(1949) documented the appearance of a disease similar to what is now 
known as SS, which they called "stunted chick" disease. Yet, it was not 
until the late 1970s that Kouwenhoven et al. (1978a; 1978b) started to 
work with and describe the disease as it is known today. They described 
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SS as runtlng and leg weakness in broilers (Kouwenhoven et al., 1978b). 
Since that time, the syndrome has been further described in chicks and 
has been termed variously as pale bird syndrome (Lilburn et al., 1982; 
Nelson et al., 1982), infectious stunting syndrome (Bracewell and 
Randall, 1984), runtlng syndrome (Pass al., 1982; Kouwenhoven et al., 
1986), stunting syndrome (Carter et al., 1982), and malabsorption 
syndrome (Salyi and Szabo, 1985; Rudas et al., 1986). 
Field cases of SS in broilers are characterized by uneven growth 
detectable as early as 4 days of age, a higher than normal mortality 
between 6 and 14 days of age, poor feathering (frequently termed 
'helicopter disease'), wet droppings, poorly digested feed, and paleness 
of shanks (Kouwenhoven et al., 1978b; Bracewell and Randall, 1984). 
According to Bracewell and Randall (1984), the syndrome seen in turkey 
flocks affected with SS is similar to that seen in chickens, except that 
there tends to be higher mortality and a higher proportion of affected 
poults in a flock. The degree of stunting observed in SS-affected poults 
is less than that in broilers, and skeletal abnormalities are more 
frequent and more severe in poults. 
Upon necropsy, stunted broilers have dilated and pale intestines 
filled with undigested feed and gas (Vertommen et al., 1980; Bracewell 
and Randall, 1984), pale and firm pancreases (Reece et al., 1S&-'h—Saar*—~ 
et al., 1988), and gizzard erosion (Nelson et al.. 1982). A summary of 
the many varied changes and abnormalities observed in broiler chicks 
afflicted with SS is presented in Table 1. 
SS has been reported mainly in heavy, fast-growing breeds. The 
Table 1. Summary of changes observed in SS-affected chicks 
Method of Age when 
infection observations 
(age at were made. Observation Reference 
exposure) days of age 
Oral 15 to 28 Bone changes Kouwenhoven ^  al., 1978b 
inoculation Diarrhea 
(1 day) Disparity in growth rates between 
SS-inoculated chicks 
Abnormal feather development 
Oral 3 to 35 Reduced plasma carotenoid concentration Vertommen e£ al., 1980 
inoculation No change in plasma Ca, P, Na, K, or CI 
(1 day) Incidence of bone disorders 
Abnormal feather development 
Disparity in growth rates between SS-
inoculated chicks 
Yellow mucoid droppings 
Field 22, 27, 43 Reduced plasma pigments Ruff, 1982 
exposure (each age No consistent change in plasma protein 
(unknown) represents No change in in vitro absorption of 
a different glucose and L-methionine 
flock) No change in plasma glucose or uric acid. 
breast muscle moisture, packed cell 
volume, and intestinal pH 
Incidence of leg problems 
Bleaching of the pancreas 
Pale shanks 
Oral 3 to 35 Reduced plasma carotenoid concentration Kouwenhoven et al., 1986, 
inoculation Incidence of bone disorders 1988 
(1 day) 
Table 1. (Continued) 
Method of 
infection 
(age at 
exposure) 
Age when 
observations 
were made, 
' days of age 
Observation Reference 
Field 
exposure 
(unknown) 
21 to 28 Reduced serum Ca and P 
Lower bone ash, incidence of bone disorders 
Diarrhea, yellow mucoid droppings 
Abnormal feather development 
Pale shanks 
Veltmann et al., 1985 
Field 
exposure 
(unknown) 
17 Pancreatic degeneration 
Elevated plasma amylase 
Reduced plasma glutathione peroxidase 
No change in plasma vitamin E, urea, 
protein, Ca, or P 
Sinclair e^ al., 1984 
Field 
exposure 
(unknown) 
14 to 17 Pancreatic degeneration 
Atrophy of the thymus and bursa 
Reece e£ al., 1984 
Field 
exposure 
(unknown) 
21 to 27 Distended abdomens 
Undigested feed in lower intestine 
Thin, firm, and bleached pancreases 
Bone abnormalities 
Villi atrophy in the jejunum 
Riddell and Derow, 1984 
Oral 
inoculation 
(1 day) 
14 Pancreatic atrophy 
Elevated plasma amylase 
Smart e^ al., 1985 
Oral 
inoculation 
18 Low vitamin E in liver, blood, and muscle 
No change in glutathione peroxidase 
Rudas e^ al., 1986 
(1 day) 
Table 1. (Continued) 
Method of 
infection 
(age at 
exposure) 
Age when 
observations 
were made, 
• days of age 
Observation Reference 
Oral 
inoculation 
(1 day) 
21 Reduced pancreatic amylase and trypsin 
Elevated pancreativ lipase 
Reduced maltase activity in small 
intestine mucosa 
Elevated fecal ash content 
Salyi and Szabo, 1985 
Field 
exposure 
(unknown) 
21 to 27 Reduced lipid retention 
Pale shanks 
Lilburn e^ al., 1982 
Field 
exposure 
(unknown) 
21 Reduced dry matter and ether extract 
retention 
Elevated excreta nitrogen 
Pale shanks 
Undigested feed in feces 
Small bursa of Fabricius 
Nelson e^ al., 1982 
Field 
exposure 
(unknown) 
14 to 51 No change in passive absorption of 
simple sugars at 14 days of age 
Impaired feed conversion up to 23 days 
of age 
Increased levels of starch and fat in feces 
Griffiths and Williams, 
1985 
Field 
exposure 
(unknown) 
7 to 21 Pancreatic and thymic lesions Pass e^ al., 1982 
Table 1. (Continued) 
Method of 
infection 
(age at 
exposure) 
Age when 
observations 
were made, 
' days of age 
Observation Reference 
Oral 
inoculation 
(1 day) 
21 to 29 Reduced liver 5'-deiodinase activity 
from day 2 to 29 after inoculation 
Reduced serum thyroxine (T4), day 6 to 29 
Reduced serum triiodothyronine (T3), 
from day 4 to 9 
Rudas et al., 1986 
Oral 
inoculation 
(1 day) 
1 to 22 Reduced liver 5*-deiodinase activity and 
serum T3, starting 3 h after inoculation 
Elevated serum T4, from 2 to 22 days 
Rudas et al., 1989 
severity of the disease signs may be connected to growth rate. 
Experimentally infected broilers fed on layer feed exhibited less severe 
signs than broilers (infected similarly) that were forced to grow faster 
on broiler feed (Kouwenhoven et al., 1986). Also, when male and female 
broiler chicks were experimentally Infected with an SS inoculum, the 
males exhibited greater growth retardation than did females (Kouwenhoven 
et al., 1978b). 
Chickens acquire an age-related resistance to SS. This was 
demonstrated in work done by Kouwenhoven ^  al.. (1986), where broilers 
ranging from 1 to 14 days of age were infected experimentally with a 
crude homogenate prepared from intestines obtained from SS-affected 
birds. Broilers inoculated at 1 day of age developed all the signs of 
the disease, while those inoculated at 3 and 7 days of age were less 
severely stunted and did not develop bone abnormalities. Broilers 
inoculated at 14 days of age did not develop any of the clinical signs of 
the disease. Similar results were obtained by Vertommen et al. (1980). 
The findings obtained with the experimentally induced disease agree with 
field case observations, where SS invariably occurs in young flocks 
(Bracewell and Randall, 1984; Reece et al., 1984). 
Noteworthy is the fact that in both field and experimentally induced 
cases of SS the severity of the disease varies both within a flock and 
among broilers similarly infected experimentally. In SS-affected broiler 
flocks, between 5 and 20% of the birds are stunted and affected birds 
exhibit different degrees of growth retardation and other clinical signs 
(Kouwenhoven et al., 1978b: Bracewell and Randall, 1984; Reece et al., 
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1984). In experimentally induced cases, where every bird is individually 
dosed with the crude SS homogenate, extreme variation in growth is 
evident one to two weeks post-inoculation, with broilers ranging in size 
from very small to nearly normal (Kouwenhoven et ai., 1978b; Vertommen et 
al., 1980; Meulemans et al., 1986). 
Etiology of Stunting Syndrome 
The causative agent(s) involved in SS has not been clearly 
identified. Kouwenhoven et al. (1978b) concluded that an infective agent 
resident in the intestines of affected birds was involved given that 
inoculation with crude homogenates prepared from intestinal tracts of 
affected birds induced the disease under experimental conditions. Many 
viruses have been isolated from intestines and feces of chicks affected 
with SS: reoviruses (Vertommen et al., 1980; Marchi and Zenella, 1982; 
Hieronymus et al., 1983; Kouwenhoven et al., 1986; Smart et al., 1988), 
coronaviruses (Kouwenhoven et al., 1986), entero-like viruses (McNulty et 
al., 1984; Frazier et al., 1986; Meulemans et al., 1986), parvoviruses 
(Kisary et al., 1984), rotaviruses and adenoviruses (Decaesstecker et 
^., 1988). 
Attempts at reproducing the disease experimentally, using isolated 
viruses, bacteria, or both have had little or no success (Kouwenhoven et 
al., 1986; Meulemans et al., 1986; Kouwenhoven et al., 1988; Smart et 
al., 1988). On the other hand, SS has been successfully induced 
experimentally in broilers by inoculating 1-day-old chicks with a 
suspension prepared from gastrointestinal tracts collected from chicks 
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diagnosed with SS. Kouwenhoven et al. (1978b) first described the 
procedure to prepare the crude homogenate or inoculum. They took 
unopened intestines from 4-week-old broilers from a field outbreak of SS. 
The intestines were blended with tryptose phosphate broth in a Sorval 
mixer at high speed and the mixture centrifuged at 5000 g for 30 min at 
room temperature. The resulting supernatant constituted their crude 
inoculum. Since then, this procedure, with few modifications, has been 
used successfully (Vertommen et al., 1980; Kouwenhoven et al., 1986; 
Meulemans et al., 1986; Rudas et al., 1986; Smart et al.. 1988). 
Goodwin et al. (1989) found long segmented filamentous organisms 
(LSFOs) attached to enterocytes in the small intestine of chickens and 
turkeys that exhibited signs similar to those of SS (i.e., diarrhea, 
stunting, fluid- and gas-filled intestines in birds 3 weeks or younger). 
LSFOs were not seen in the intestines of healthy birds. These organisms 
have not been taxonomically identified. The role of LSFOs in 
gastrointestinal disorders is as yet unclear. They are found frequently 
in conjunction with other enteric pathogens and may play a role in 
potentiating the pathogenic effect of other organisms. 
Stunting Syndrome Induced Changes in Nonintestinal Tissues 
There have been reports of changes occurring in the bursa of 
Fabricius (Bracewell and Randall, 1984) and in the thymus (Pass et al., 
1982; Bracewell and Randall, 1984) of SS-affected chicks. Pass et al. 
(1982) reported that at necropsy, the thymic lobes of SS-affected chicks 
were small and translucent. When the thymic lobes were examined 
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histologically, they had no corticomedullary differentiation and were 
composed of reticular cells, epithelial elements, vascular channels and 
had diffused lymphocytic infiltration. Changes in the bursa of Fabricius 
were characterized by premature atrophy, small follicular size, depletion 
of medullary lymphocytes, and epithelial hyperplasia (Bracewell and 
Randall, 1984). What role these changes in the bursa and thymus play in 
the overall clinical picture of SS is not clear. 
One of the earliest reported manifestations of SS in chicks, at 
least in experimentally induced cases, was an altered thyroid status. 
Rudas et al. (1989) expanded on previous findings (Rudas et al., 1986) of 
altered thyroid function in experimentally infected chicks. They found 
that inoculated chicks had lower activity of 5'-deiodinase type I in the 
liver by 3 h after inoculation as compared with controls. The activity 
of this enzyme remained low throughout the 22-day experiment. 
Concomitant with the decreased activity of 5'-deiodinase type I was a 
decrease in serum triiodothyronine (T3) level. In chickens, the main 
enzyme responsible for the conversion of thyroxine (T4) to T3 is the 
liver 5'-deiodinase type I enzyme. The biologically active thyroid 
hormone in chickens is T3 and, therefore, a decrease in circulating 
levels of this hormone, such as is seen with SS, could lead to altered 
metabolism in affected birds. In view of this evidence, it is possible 
that the severe stunting and other clinical signs associated with SS are 
due in part to metabolic alterations brought about by changes in thyroid 
status early in the course of the disease. 
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Stunting Syndrome Induced Changes in the 
Pancreas and Intestines 
Chicks affected with SS often exhibit pancreatic lesions that are 
confined to the exocrine pancreas (Bracewell and Randall, 1984; 
Kouwenhoven et al., 1986). These lesions consist of degeneration, 
atrophy, fibroplasia, vacuolation of the cytoplasm and occasional 
necrosis of individual cells in the acini (Pass et al., 1982; Bracewell 
and Randall, 1984). There is an absence of normal staining properties of 
the acinar cells due mainly to a partial or complete disappearance of 
zymogen granules (Pass et al., 1982). Histological changes in the 
exocrine pancreas have been associated with elevated levels of plasma 
anylase probably due to increased leakage of amylase from the pancreas 
associated with tissue damage (Reece et al., 1984; Sinclair et al., 1984; 
Smart et al., 1985; 1988). Salyi and Szabo (1985) reported that 
pancreatic trypsin and amylase activities were less and that pancreatic 
lipase activity was greater in SS-affected chickens than in controls. 
However, it is important to note that the pancreas is not always affected 
in SS-infected chicks (Kouwenhoven et al., 1978b; 1986). 
The small intestines of SS-affected chicks are usually thin and 
pale, with blunted villi and dilated crypts of Lieberkuhn (Pass et al., 
1982; Bracewell and Randall, 1984). However, there is no published 
research that specifically addresses the histological changes which occur 
in the small intestinal wall in SS-affected birds. The activities of 
membrane bound disaccharidase and of L-glycyl-L-alanine-peptidase, 
however, were found to be lower in the small intestinal mucosa of SS-
19 
affected chicks as compared with controls (Salyi and Szabo, 1985). 
The lower activities of pancreatic enzymes and of small intestinal 
enzymes could result in impaired digestive process in chicks affected 
with SS. Also, the damage to the small intestinal mucosa observed in SS-
affected chicks may have an adverse effect on absorptive processes. 
Effects of Stunting Syndrome on Digestive 
and Absorptive Processes 
Regardless of the causative agent(s), SS certainly influences 
nutrition in young poultry. The digestibility of nutrients by SS-
affected chicks was studied by Lilburn et al. (1982) and Nelson et al. 
(1982). Both groups of researchers used 3-week-old chicks, selected from 
affected field flocks and taken to research facilities for the 
digestibility work. Lilburn et al. (1982) reported a depressed total 
lipid absorption in SS-affected chicks as compared with controls (50.2 
and 91.3%, respectively), with a concomitant decrease in determined 
metabolizable energy of the diet. Similarly, Nelson et al. (1982) 
reported lower dry matter and ether extract digestion and higher nitrogen 
content in the excreta of SS-affected chicks when compared with controls. 
The methodology used by these two groups of researchers suggests that 
what was being measured was apparent retention and no differentiation 
could be made between digestion and absorption. Griffiths and Williams 
(1985) stained the excreta of normal and stunted chicks with Lugol's 
iodine and oil-red-0 for the presence of starch and fat. Excreta samples 
from stunted chicks had more fat and starch than samples from normal 
chicks. 
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Ruff (1982) found no differences in the in vitro absorption of 
glucose and L-methionine in small intestinal segments obtained from 
normal and stunted chicks from an SS-affected flock. Also, there seemed 
to be no problems in the passive absorption of nutrients in the 
intestines of SS-affected chicks (Griffiths and Williams, 1985). 
Interference with the digestion and(or) absorption of fat soluble 
vitamins has been documented in SS-affected chicks, but the evidence is 
contradictory. Rudas et al. (1986) found lower vitamin E concentrations 
in the liver and blood of 18-day-old experimentally infected chicks as 
compared with uninfected controls. In contrast, Sinclair et al. (1984) 
observed no consistent changes in plasma vitamin E levels between stunted 
and normal chicks from SS-affected flocks. There have been sporadic 
reports of "encephalomalacia type" problems in SS-affected flocks 
(Riddell and Derow, 1984), which would suggest the presence of a vitamin 
E deficiency. Unfortunately, vitamin E concentrations have not been 
measured in the blood or liver of SS-affected chicks that exhibit 
encephalomalacia type signs. The seemingly contradictory information on 
vitamin E status of SS-affected chicks could be, at least partially, 
explained by differences in management and diet among studies, and by 
possible differences in vitamin E levels present in the birds at the time 
of hatch. 
Bone abnormalities occur frequently in SS-affected birds and appear 
at around 3 weeks of age. The type of bone abnormalities commonly seen 
in stunted chicks points to a possible deficiency of Ca and vitamin D. 
Between 2 and 3 weeks of age, widened epiphyseal growth lines and 
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retarded ossification of the proximal tibia are common features in SS-
affected chicks (Vertommen et al., 1980; Reece et al., 1984; Riddell and 
Derow, 1984; Kouwenhoven et al., 1988). By 4 weeks of age, distinct 
dyschondroplasia and 'brittle bones' have been observed in SS-affected 
chicks (Vertommen et al., 1980). Vitamin D has not been measured in 
chicks affected with SS and the evidence on Ca status in these chicks is 
contradictory. Vertommen et al. (1980) found normal plasma Ca and P in 
SS-affected chicks, but Veltmann et al. (1985) observed depressed serum 
concentrations of Ca and P in chicks with SS. Ash content of the excreta 
has been reported to be higher (Salyi and Szabo, 1985) and bone ash lower 
(Veltmann et al., 1985) in SS-affected chicks as compared with controls. 
Also, Veltmann et al. (1985) reported that high levels of vitamin A in 
the diet exacerbated the effects of SS, possibly by interfering with 
absorption of vitamins E and D. 
Paleness of shanks is often encountered in field affected birds, 
thus one of the names for this disease, pale bird syndrome. This lack of 
pigmentation of the shanks may be due to poor absorption of carotenoids. 
In experimentally induced SS, Vertommen et al. (1980) found lower plasma 
carotenoid concentration in inoculated chicks as compared with controls, 
while no differences were detected in plasma Na, K, Ca, P, or CI. The 
lower plasma carotenoid concentration in inoculated chicks was evident by 
3 days post inoculation and persisted throughout the 35-day experiment. 
These data suggest that there is a long lasting problem in carotenoid 
absorption, but the cause of this absorption problem was not elucidated. 
Ruff (1982) also found low plasma pigments in stunted chicks from several 
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affected flocks. 
Influence of Diet Manipulation on Stunting Syndrome 
The mechanisms whereby SS-affected chicks seemingly become deficient 
in the fat-soluble vitamins and in carotenoids have not been elucidated. 
Some work has been done supplementing diets with vitamin E and selenium. 
Colnago et al. (1982) reported that vitamin E and selenium 
supplementation of diets of chicks diagnosed to have SS significantly 
reduced the adverse effects of the disease on livability and weight gain. 
The involvement of specific fat-soluble vitamin inadequacy was supported 
by evidence presented by Veltmann et al. (1985) showing that high levels 
of dietary vitamin A exacerbated SS in broilers, seemingly by interfering 
with the utilization of vitamins E and D^. The value of vitamin E or 
selenium for treating SS, however, is in doubt. Smart et al. (1985) 
found no favorable effect of various dietary selenium sources or of 
combinations of selenium, vitamin E, and cystine in broilers affected 
with SS. No other research is available on how dietary modifications 
influence the course of SS. 
It is possible that, to alter the course of this disease or to 
prevent its incidence, dietary manipulations should be made before or 
concurrent with exposure to the infective agent(s). Dietary 
manipulations that help the young chick or poult through the transition 
stage early after hatch may have an influence on how susceptible these 
birds are to SS infections and on how severely the disease manifests 
itself. 
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On this basis, a research project was proposed in which the ultimate 
objective was to determine if manipulating the diet of the very young 
poult could alter its susceptibility to SS. In order to achieve this 
objective, SS had to be successfully induced in turkey poults under 
experimental conditions. Also, it had to be demonstrated that SS could 
be induced in a fairly consistent manner from one experiment to the next 
so that valid comparisons between experiments could be done. Finally, 
the physical and physiological changes caused by the experimentally-
induced SS had to be documented. 
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SECTION I. STUNTING SYNDROME IN TURKEYS. 
DEVELOPMENT OF AN EXPERIMENTAL MODEL 
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SUMMARY 
Experiments were conducted to establish a stunting syndrome (SS) 
model to facilitate research on nutritional aspects of enteric disorders 
of poults. One-day-old turkeys were dosed per os with tryptose phosphate 
broth (TPS) (controls) or inoculum (inoculated). The inoculum was 
prepared by homogenizing intestines from 11-day-old commercial poults 
diagnosed to have SS in TPB (1:0.5, w/w). Subsequently, intestines from 
8-day-old inoculated poults from the previous experiment were used. 
Inoculation reduced growth (P<0.001) and feed consumption (P<0.001) at 8 
and 14 days of age. In Experiments I, II, and III, gain of inoculated 
poults was 60.9, 58.8, and 52.6% that of controls up to 8 days of age and 
77.9, 76.6, and 80.9% that of controls from 8 to 15 days of age, 
respectively. Feed conversion was impaired (P<0.001) up to 8 days of 
age. Activities of maltase (MSA) and sucrase (SSA) in the jejunum and of 
pancreatic enzymes were determined every 2 days up to 13 days of age. 
Inoculation decreased (P<0.001) MSA and SSA starting at 3 days of age 
(i.e., MSAs were 17.45 and 1.70 umoles maltose hydrolyzed/h/mg protein in 
control and inoculated poults, respectively). Inoculation had no effect 
on pancreatic lipase, amylase, or trypsin. 
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INTRODUCTION 
Stunting syndrome (SS) or malabsorption syndrome was first described 
by Kouwenhoven et al. (1978a) as ranting syndrome in broilers. Since 
then, this disease has been termed variously as pale bird syndrome 
(Lilburn et al., 1982) and runting-stunting syndrome (Bracewell and 
Randall, 1984). SS is characterized by uneven growth detectable as early 
as 4 days of age, stunting, high mortality between 6 and 14 days of age, 
poor feathering, wet droppings with undigested feed present, and paleness 
of shanks (Bracewell and Randall, 1984; Kouwenhoven et al., 1986). Upon 
necropsy, broilers have dilated and pale intestines and pancreatic 
atrophy and fibrosis (Vertommen et al., 1980). Pancreas changes have 
been associated with elevated plasma amylase levels (Sinclair et al., 
1984), depressed pancreatic trypsin and amylase, and elevated lipase 
activity (Salyi and Szabo, 1985). Maltase activity was less in the small 
intestinal mucosa of affected chicks (Salyi and Szabo, 1985). Although 
SS has been successfully recreated under experimental conditions using 
chickens (Kouwenhoven et al., 1978b), the etiology of the disease and its 
effects on digestion/absorption and metabolism are not well-understood. 
To the authors' knowledge, no research has been done to determine 
the effect of SS on turkeys. The objectives of this research were to 
establish an experimentally reproducible SS model, by using turkey 
poults, that may be useful as a tool to elucidate the interactions 
between SS and nutrition and to determine the effects of the disease on 
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growth, activity of intestinal disaccharidases, and on pancreatic lip 
amylase, and trypsin activities. 
29 
MATERIALS AND METHODS 
Inoculum Preparation 
For the first experiment, full gastrointestinal tracts (GIT) were 
collected from a commercial flock of 11-day-old poults diagnosed as 
having SS. In subsequent experiments, GIT from 8-day-old inoculated 
poults from the previous experiment were used. The inoculum was prepared 
as described by Kouwenhoven et al. (1978b) with a few modifications as 
follows. The GIT were blended with tryptose phosphate broth (TPS) by 
using a 1:0.5 w/w ratio, respectively. The mixture was centrifuged at 
5000 g for 30 min at 4 C, and the resulting supernatant constituted the 
inoculum. 
Experimental Design 
Experiments I, II, III: One-day-old, male turkeys (Nicholas) were 
assigned randomly to two treatments, control and inoculated. Poults in 
each treatment were dosed per os at 1 day of age with 1 ml of either TPS 
(control) or inoculum (inoculated). The experimental units were: Exp. 
I, five pens per treatment (10 poults/pen); Exp. II and III, four pens 
per treatment (15 poults/pen). Poults in each treatment were housed in 
separate, electrically heated battery brooders. Feed and water were 
provided ad libitum, and the temperature was kept at 35 C and 32 C for 
the first and second week, respectively. Poults in all experiments were 
fed a practical corn-soybean meal type diet that met or exceeded the 
National Research Council's (1984) recommended nutrient levels. Weight 
gain and feed consumption were determined at 8 and 15 days of age. 
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Experiment IV: One-day-old, male turkeys (Nicholas) were assigned 
randomly to three treatments, control (dosed per os with 1 ml TPB), 
negative control (dosed per os with 1 ml of a homogenate prepared in the 
same way as the inoculum but by using GIT from healthy 4-week-old 
poults), or inoculated (dosed per os with 1 ml inoculum). Poults in all 
treatments were dosed at 1 day of age. The control and negative control 
treatment groups were housed separately from inoculated treatment groups. 
The experiment consisted of two simultaneous trials, a growth trial and a 
sampling trial. For the growth trial, the experimental units were four 
pens per treatment with eight poults per pen. Weight gain and feed 
consumption were determined every 4 days, starting on day 1 until day 25 
of age. In the sampling trial, only the control and inoculated 
treatments were represented. Four poults were sampled before the 
experiment started for baseline measurements. There were five pens of 
four poults per treatment. One pen per treatment was randomly selected 
on days 3, 5, 7, 13, and 25 of age, and all poults in the selected pens 
were sampled. Each poult was used as an experimental unit. Blood was 
collected by cardiac puncture, and plasma amylase determined (Ceska et 
al., 1969). Poults were killed by cervical dislocation, and the GIT 
excised immediately. The pancreas and jejunum (segment between pancreo-
biliary ducts and yolk stalk) were removed. The jejunum was flushed with 
15 to 10 ml of cold, deionized water, and empty weight and length were 
measured. Pancreas and jejunal samples were placed in preweighed vials 
and frozen immediately in liquid nitrogen. Samples were kept at -70 C 
until prepared for analysis. 
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Before analysis, samples were thawed and homogenized with quantities 
of cold, deionized water that resulted in a concentration of 50 mg 
jejunum per ml of homogenate or 100 mg pancreas per ml of homogenate. 
Homogenizing was done by using a Polytron (Kinematica PT 10-35, Brinkman 
Instruments, Westbury, NY) at a speed setting of 6 (moderate) for 30 
seconds. Aliquots of the jejunal homogenates were taken for immediate 
determination of protein concentration (Lowry et al., 1951) and maltase 
and sucrase activities (Dahlquist, 1964). Aliquots of the pancreas 
homogenate were taken for immediate determination of protein (Lowry et 
al., 1951), trypsin (Erlanger et al., 1966), lipase (Brockman, 1981), and 
amylase (Ceska et al., 1969). 
Data were analyzed statistically by analysis of variance using the 
Statistical Analysis System (SAS, 1985) program. Where applicable, 
orthogonal contrasts were done to determine differences between treatment 
means. 
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RESULTS 
Experiments I, II, and III 
Inoculation with a SS inoculum resulted in decreased (P<0.001) gain 
and feed consumption and impaired feed to gain ratios up to 8 days of age 
in all three experiments (Table 1). From days 8 to 15 of age, gain also 
was less (P<0.05) in inoculated poults, but feed consumption was 
significantly (P<0.05) reduced only in Experiments I and III. Feed-to-
gain ratios of the control and inoculated poults were similar during this 
latter period except in Experiment II. In this instance, feed conversion 
was impaired by inoculation (P<0.05) (Table 1). 
The magnitude of decrease in gain due to inoculation was similar in 
all experiments during the first period (1 to 8 days of age) (Figure 1). 
The decrease in feed consumption was similar in the three experiments 
during the first 8 days (Figure 1), but the magnitude of this decrease 
was less than that for gain. Gains by inoculated poults were 60.9, 58.8, 
and 52.6% those of controls, whereas feed consumptions were 75.3, 77.5, 
and 69.6% those of controls for the first 8 days of age in Experiments I, 
II, and III, respectively (Figure 1). 
Experiment IV 
As in the previous experiments, inoculation severely depressed 
growth (P<0.05) and feed consumption (P<0.05) (Table 2) and led to 
impaired feed conversion (P<0.05) (Table 2). The effect of inoculation 
on growth and feed consumption persisted throughout the 25-day 
experiment. Gain was more severely affected in inoculated poults than 
Table 1. Performance of control and SS-inoculated poults in three consecutive experiments 
Period 1, Period 2, 
1 to 8 days of age 8 to 15 days of age 
Experiment Control^ Inoculated^ SEM^ Control Inoculated SEM 
I Gain (g) 
Feed consumption (g) 
Feed/Gain 
II Gain (g) 
Feed consumption (g) 
Feed/Gain 
III Gain (g) 
Feed consumption (g) 
Feed/Gain 
80.8*5 49.2^ 1.9 
100.1* 75.4^ 1.6 
1.24* I.53G .03 
56.3* 33.ij 1.5 
79.3* 61.5° 1.8 
1.41* 1.96° .02 
52.5* 27.6^ 1.5 
84.9 59.1 1.6 
1.62* 2.14° .03 
145.5* 113.1J 1.7 
240.1* 196.7b 3.5 
1.65* 1.74* .03 
134.9* 103.3b 3.7 
200.5* 173.5*. 5.4 
1.48* 1.68^ .01 
134.7* 109.0^ 2.5 
215.3* 184.3^ 1.7 
1.60* 1.69* .04 
^Force fed 1 ml tryptose phosphate broth (TPB) at 1 day of age. 
2 Force fed 1 ml inoculum homogenized GIT from SS-affected poults at 1 day of age. 
3 Standard error of the means. 
^n for Exp. 1=5 pens/treatment; n for Exp. II and III = 4 pens/treatment. 
^Means in period 1, within a row with different superscript differ significantly (P<0.001); 
means in period 2, within a row with different superscript differ significantly (P<0.05). 
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Feed consumed 1-8 d 
Figure 1. Weight gain and feed consumption of inoculated poults, 
expressed as a percentage of that of control poults, in 
Experiments I, II, and III 
Table 2. Performance of control, negative control, and SS-inoculated poults in Experiment IV 
Days of Gain Feed consumption Feed/Gain 
age (g/day) (g/day) 
NC^ I^ SEM'^ C NC I SEM C NC I SEM 
1 to 5 7.6*5 6.5* 2.9b .6 11.9* 12.5* 7.9* .3 1.56* 1.94* 2.74b .23 
5 to 9 13.5* 11.4a 4.1b .8 18.4 18.2* 10.9b .9 1.36* 2.7ob .28 
9 to 13 18.4* 19.0 10.8^ 1.8 26.5* 28.1* 17.3b 2.0 1.45* 1.6lb .04 
13 to 17 25.2* 27.6* 
38.1* 
19.9b 1.6 36.8* 38.5* 28.8b 1.2 1.43* 1.39* 1.45* .07 
17 to 21 35.3b 23.4C .8 51.7* 52.8* 38.4b 1.6 1.46* 1.39* 1.63b .04 
21 to 25 44.0* 45.1* 25.8^ 1.6 64.5b 71.1* 49.7^ 1.8 1.49* 1.58* 1.94b .05 
^Force fed 1 ml tryptose phosphate broth at 1 day of age. 
2 Force fed 1 ml of a homogenate prepared from gastrointestinal tracts (GIT) obtained from 
"healthy" 4-week-old poults at 1 day of age. 
3 
Force fed 1 ml of a homogenate prepared from GIT obtained from 8-day-old SS-infected poults. 
4 Standard error of the means. 
^Mean of 4 pens of 8 poults, values with different superscript letter, within each age and 
measurement, differ significantly (P<0.05). 
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was feed consumption up to 9 days of age. Consequently, feed conversion 
of inoculated poults was inferior to that of the controls (Table 2). 
After 9 days of age, the relative depressions in growth and feed 
consumption were similar, resulting in either a small impairment of feed 
conversion (9 to 13 and 17 to 21 days of age) or no effect (13 to 17 days 
of age) on feed conversion of inoculated versus control poults (Table 2). 
Thereafter, through 25 days of age, rate of gain of infected poults 
declined, and feed conversion was impaired, seemingly because of the 
onset of severe leg weakness in many of these poults. At 25 days of age, 
52% of inoculated poults had mild to moderate leg problems (swollen 
hocks, bowed legs) and 11% had severe abnormalities, including perosis. 
In contrast, 92% of the controls were judged as normal, with the 
remaining 8% exhibiting only mild leg problems. Poults dosed with a 
homogenate prepared from GIT obtained from healthy 4-week-old poults 
(negative control treatment) performed similarly to poults on the control 
treatment (Table 2). The poults on the negative control treatment gained 
more (P<0.05) and consumed more feed (P<0.05) than SS-inoculated poults 
(Table 2). 
The weight of the full GIT of inoculated poults was similar to that 
of control poults, but the percentage of body weight represented by GIT 
weight was greater (P<0.05) in inoculated poults up to 13 days of age 
(Table 3). Jejunal length was similar in control and inoculated poults, 
but empty jejunal weight in inoculated poults was less, resulting in a 
reduced jejunal density (weight per length) in inoculated poults as 
compared with controls up to 13 days of age (Table 3). By 25 days of 
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Table 3. Intestinal measurements for control and inoculated poults. 
Experiment IV 
Days Corrected GIT Jejunum weight 
of weight! per length 
age % mg/cm 
SEM 
2 
Control 3 Inoc. SEM^ Control Inoc. SEM 
3 10.8*5 14.0^ .6 68.5* 55.3% 2.9 
5 13.1* 17.6? 1.0 107.0* 70.3% 5.0 
7 12.7* 20.5% 1.9 141.6* 76.4% 9.4 
13 12.5* 17.6^ 1.6 198.9* 125.8° 8.2 
25 10.6* 12.2* 1.8 258.8* 237.5* 11.2 
^Full gastrointestinal tract weight expressed as percent of body 
weight. 
2 Dosed per os at 1 day of age with 1 ml tryptose phosphate broth. 
3 Dosed per os at 1 day of age with 1 ml inoculum. 
^Standard error of the means. 
^Means of 4 poults per treatment, values with different superscript 
letter, within each age and measurement differ significantly (P<0.05). 
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EZj CONTROL INOCULATED 
L~J CONTROL INOCULATED 
Figure 2. 
1 3 5 7 13 
DAYS OF AGE 
Sucrase specific activity (A) and maltase specific activity 
(B) in the jejunum of control and inoculated poults, 
Experiment IV. Disaccharidase activity expressed as umoles 
of substrate hydrolyzed per mg protein hourly. **P<0.01, 
*P<0.05 
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age, this effect had disappeared. 
The activities of the membrane bound disaccharidases, sucrase and 
maltase in the jejunum were significantly less (P<0.05) in inoculated 
poults from as early as 2 days postinoculation (3 days of age) and up to 
24 days postinoculation (25 days of age) (Figure 2). No differences were 
detected in pancreatic amylase, lipase, or trypsin levels between control 
and inoculated poults. Also, plasma amylase concentration was similar 
for both treatment groups. 
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DISCUSSION 
The first three experiments were designed to determine if SS could 
be induced experimentally in turkeys and to determine if the 
experimentally induced disease could be reproduced consistently. SS was 
successfully induced, as judged by the severely depressed weight gain, 
reduced feed consumption, and impaired feed conversion in inoculated 
poults. Previously, researchers (Kouwenhoven et al., 1978b; Salyi and 
Szabo, 1985; Smart et al., 1988) had successfully induced SS in broiler 
chicks by using a "crude" SS homogenate. In the current research, 
performance was affected similarly in the three experiments during the 1-
to 8-days-of-age period, but there were some inconsistent effects of 
inoculation among experiments during the 8- to 15-days-of-age period. In 
these experiments, control and inoculated poults were kept in the same 
room, which could have led to infection of control poults at different 
times during the experimental period. Given the highly infectious nature 
of SS (Bracewell and Randall, 1984; Kouwenhoven et al., 1978a), 
contamination of the control poults at different times could have led to 
differing degrees in the manifestation of disease signs in the control 
poults. Kouwenhoven et al. (1986) has demonstrated an age-related 
resistance to SS whereby infection after 3 to 7 days of age leads to a 
less severe manifestation of disease signs in broilers. 
On the basis of the consistent results obtained in the first three 
experiments during the first 7 days after inoculation, a fourth 
experiment was conducted to determine if there were changes in digestive 
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enzyme levels concomitant with those in growth and feed conversion. In 
contrast with the previous experiments, the effects of inoculation on 
growth and feed consumption in Experiment IV persisted beyond 8 days of 
age and were still significant at 25 days of age. Care was taken in this 
experiment to prevent contamination of control poults with the SS 
infectious agent(s) by housing controls in brooder batteries located in a 
separate room from those of the inoculated poults. This led to better 
performance of control poults throughout the experiment. 
The negative control treatment was included in Experiment IV to 
determine if the adverse effects of the SS inoculum were caused by an 
agent(s) present in SS-infected GIT or if GIT from healthy poults could 
elicit similar effects. The performance of negative control and control 
poults was similar, and both these treatment groups performed 
significantly better than poults in the inoculated treatment. Therefore, 
it can be concluded that the changes observed due to SS inoculation were 
the result of an infectious agent(s) present in GIT from SS-infected 
poults that was not present in GIT from normal poults. Recently, Rudas 
et al. (1989) demonstrated that the changes observed after inoculation of 
chicks with SS were due to a substance or pathogen(s) resident in the 
intestines from SS-affected chicks and not present in intestines obtained 
from 14-day-old specific-pathogen-free chicks. 
The increase in the percentage body weight represented by GIT weight 
in inoculated poults observed in Experiment IV agrees with field case 
findings where SS-affected animals often have distended abdomens due to a 
general distention of the intestines with gas and poorly digested feed 
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(Bracewell and Randall, 1984; Kouwenhoven et al., 1986). In field cases, 
feed consumption is less severely affected by SS than is growth 
(Bracewell and Randall, 1984), as was observed in this research. Thus, 
proportionately greater feed consumption in relation to body weight 
probably caused distention of intestines and an increase in the relative 
GIT weight of SS-affected poults. Density of the intestinal wall, at 
least in the jejunum, was less in inoculated poults, so the increase in 
GIT weight must have been due to intestinal fill. 
The jejunum of inoculated poults not only was thin and less dense, 
but contained less specific activities of the membrane-bound 
disaccharidases, sucrase and maltase. Salyi and Szabo (1985) previously 
found reduced maltase activity in the small intestine of SS-infected 
chicks. Digestion of carbohydrates seems to be less than optimum in the 
very young poult because of the relatively low levels of sucrase and 
maltase normally present in the small intestines of young turkeys (Sell 
e^ al^., 1989). This situation could be exacerbated by SS because of the 
very low activities of these enzymes in the intestines of 3- to 7-day-old 
infected poults. 
Contrary to previous research where pancreatic trypsin and amylase 
were lower and lipase higher in SS-infected chicks (Salyi and Szabo, 
1985), no differences were detected in pancreatic enzyme levels between 
control and inoculated poults in the current research. Also, plasma 
amylase concentrations were similar in both treatment groups, which 
suggests that there was no damage to the exocrine pancreas in the 
inoculated poults. 
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SECTION II. STUNTING SYNDROME IN TURKEYS: PHYSICAL 
AND PHYSIOLOGICAL CHANGES 
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Experiments were conducted to determine the effect of an induced 
enteric disorder, stunting syndrome (SS), on young turkeys. One-day-old 
poults were dosed per os with tryptose phosphate broth (control) or 
inoculum (inoc) prepared from intestines of SS-affected poults. 
Inoculation depressed gain (P<.001) and feed consumption (P<.001) and 
impaired (P<.001) the utilization of feed for gain up to 9 days of age 
(utilization was 2.02, 2.62 in inoc and 1.27, 1.61 in control poults at 5 
and 9 days of age, respectively). Inoculation impaired (P<.05) retention 
of nutrients at 8 days of age (dry matter, fat, protein, and ash 
retentions were 82.5, 88.8, 81.3, and 77.8% in controls and 79.3, 85.6, 
74.5, and 74.1% in inoc poults, respectively). Small intestinal weight 
per 100 grams of body weight was greater (P<.001) in inoc poults, but 
empty weights per length of jejunum and ileum were less (P<.05). The 
jejunal mucosa in inoc poults was thinner, exhibited extensive erosion of 
villi tips, and had microvilli which seemed to be fused when observed by 
using scanning electron microscopy. Activities of disaccharidases in the 
jejunum and ileum of inoc poults were less (P<.05) than in control 
poults. In a second experiment, two additional treatments were included, 
a pair-fed control and a negative control. Control poults pair-fed with 
the inoc poults grew more rapidly (P<.01) than inoc poults. The 
depression in feed consumption due to inoculation accounted for only 54% 
of the growth depression. Poults inoculated with a suspension prepared 
from intestines obtained from healthy poults (negative control) performed 
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similarly to controls. Thus, the adverse effects of the SS-inoculum were 
due to an agent(s) that was present in the intestines of SS-affected 
poults but not in intestines of healthy poults. 
(Key words: turkeys, stunting syndrome, nutrient retention, 
disaccharidases) 
49 
INTRODUCTION 
Stunting syndrome (SS) in broiler chicks was first described in the 
literature by Kouwenhoven et al. (1978a) as runting syndrome. Since that 
time, the syndrome has been further described in chicks and poults (on 
the basis of field observations) and has been termed variously as pale-
bird syndrome (Lilburn et al., 1982), infectious-stunting syndrome 
(Bracewell and Randall, 1984), and malabsorption syndrome (Veltmann et 
al., 1985). SS in poultry is characterized by impaired growth, higher 
than normal mortality between 6 and 14 days of age, poorly digested feed, 
and paleness of shanks (Kouwenhoven et al., 1978b; Bracewell and Randall, 
1984). Upon necropsy, affected broilers have dilated, pale intestines 
and atrophic and fibrotic pancreases (Reece et al., 1984). Histological 
changes observed in the pancreas were associated with elevated plasma 
amylase levels (Reece et^ al.» » 1984) and with decreased activities of 
pancreatic trypsin and amylase and an increase in pancreatic lipase 
activity in this tissue (Salyi and Szabo, 1985). Maltase activity was 
less in the small intestinal mucosa of SS-affected chicks (Salyi and 
Szabo, 1985). 
Although SS has been successfully recreated under experimental 
conditions (Kouwenhoven et al., 1978b; Rudas et al., 1986; Smart et al., 
1988), little is known about the etiology of this disease. The incidence 
of many nonspecific features that vary in occurrence from one SS field 
case to another and in the experimentally induced disease suggests that 
there may be a variety of secondary causative agents and that nutritional 
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and management practices may have an influence on the clinical signs seen 
in SS-affected birds (Smart et al., 1988). 
To the authors' knowledge, no research has been done on the effect 
of an experimentally induced SS on turkeys. The objective of this 
research was to determine the effects of an experimentally induced SS on 
growth and selected physiological measurements in turkeys. 
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MATERIALS AND METHODS 
Inoculum Preparation 
Full gastrointestinal tracts (GIT) were collected from 8-day-old, 
SS-infected poults inoculated in a previous experiment. The inoculum 
was prepared as described by Kouwenhoven et al. (1978b) with slight 
modifications. In this procedure, full GITs were blended with 
tryptose phosphate broth (TPB) (Difco Laboratories, Detroit, MI) 
using a ratio of 1 weight of GIT to .5 weight TPB (the ratio used 
in the procedure described by Kouwenhoven et al. (1978b) was not 
specified). The mixture was centrifuged at 5000 g for 30 min at 4 C. 
The resulting supernatant constituted the inoculum and, by laboratory 
analysis, contained 10.1% dry matter and 47.9 mg of protein per gram. 
The infective agent(s) in the inoculum has not been characterized. The 
inoculum was prepared just before its use. In the procedure described 
by Kouwenhoven et al. (1978b), centrifugation was done at room 
temperature and the supernatant (inoculum) was frozen at -70 C before 
its use. 
In previous experiments (Angel et al., unpublished data), inoculum 
prepared in the manner specified above elicited SS disease signs in 
turkey poults (i.e., severe growth depression, moderate depression in 
feed consumption, impaired feed conversion, leg problems, and small-
intestinal changes). 
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Experimental Design 
Experiment _1_ 
One-day-old, male turkeys (Nicholas Large White) obtained from a 
commercial hatchery were randomly assigned to two treatments, control and 
inoculated. Forty-eight groups of eight poults were formed such that 
group weights were similar and each group constituted an experimental 
unit. Each of the two treatments was randomly assigned to twenty-four 
experimental units. Poults in each treatment were dosed per os with 1 ml 
of either TPS (control) or inoculum (inoc) at 1 day of age, immediately 
after the poults were received from the hatchery and before they had 
consumed feed or water. The two treatment groups were housed in separate 
rooms in electrically heated battery brooders and traffic of personnel 
was controlled to prevent cross contamination of controls. The 
temperature of the brooders was kept at 35, 32, and 29 C for the first, 
second, and third weeks, respectively. After the third week, poults were 
moved to exhibition cages (66 cm x 56 cm). The treatment groups were 
housed in separate rooms, and the temperature of the rooms was maintained 
at 25 C until the end of the experiment at 44 days of age. Poults in 
both treatments were fed practical corn-soybean meal starter (1 to 21 
days of age) and grower (21 to 44 days of age) diets (Table 1) that met 
or exceeded National Research Council (1984) nutrient recommendations. 
Feed and water were provided ad libitum. 
Body weights and feed consumption were measured every 4 days until 
21 days of age and then at 29, 37, and 44 days of age. When poults were 
8 days of age, four pens per treatment were randomly selected for use in 
53 
Table 1. Composition and calculated analysis of the corn-soybean meal 
diet 
Starter Grower 
I to 21 d of age 21 to 44 d of age 
Ingredients % % 
Ground corn (8.44% protein) 42, .67 47, .42 
Soybean meal (47.4% protein) 51, .41 46, .33 
Limestone 1, .61 1, .48 
Dicalcium phosphate 2, .35 2, .39 
Soybean oil ^ 
Mineral premix^ 
1, .20 1, .59 
0, .30 0, .30 
Vitamin premix 0, .30 0, .30 
DL-methionine (98%) 0, .16 0, .19 
Calculated analysis: 
Dry matter, % 90, .3 90, .3 
MEn, kcal/kg 2834 2905 
Protein, % 28, .03 (28.43)^ 26, .04 (26.55) 
Methionine, % 0, .60 0, .60 
TSAA, % 1, .04 1, .01 
Lysine, % 1, .72 1, .57 
Calcium, % 1, .25 1. 20 
Available phosphorus, % 0. 60 0, .60 
^Supplied per kilogram of diet: manganese, 70 mg; zinc, 40 mg; 
copper, 6 mg; selenium, 0.15 mg; sodium chloride, 2.60 g. 
2 3 
Supplied per kilogram diet: vitamin A, 5000 lU; vitamin D , 1500 
lU; vitamin E, 12 lU; vitamin B12, 11 ug; vitamin K, 1.8 mg; riboflavin, 
2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; choline, 509 mg; folic 
acid, .55 mg; biotin, 75 ug. 
3 
Values in parentheses were determined by laboratory analysis. 
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a nutrient retention study. These poults were fasted for 3 h, fed for 24 
h, and then fasted again for 3 h. Total collection of excreta was done 
starting after the first 3 h fast until the end of the second 3 h fast. 
Feed consumption was determined for the 24 h feeding time. Excreta were 
dried in a force-draft oven at 70 C for 72 h, and dry matter weight was 
determined. All samples were ground to pass through a .5 mm mesh sieve. 
Feed and excreta were analyzed for gross energy by using an adiabatic 
bomb calorimeter, for nitrogen content by the macro-Kjeldahl method 
(Association of Official Analytical Chemists, AOAC, 1980, section 2.057) 
and protein calculated by multiplying the percentage nitrogen by 6.25 
(AOAC, 1980, section 14.068), for ash by ashing in a muffle furnace at 
600 C for 24 h, and for fat by the ether extract procedure (AOAC, 1980, 
section 7.056). Retentions of nutrients were calculated by taking the 
differences between the amount of the nutrient consumed from that 
excreted in the urine and feces (all values expressed on a dry-matter 
basis). MEn of the diet was calculated by using the gross energy values 
of the feed and excreta. 
Four poults were sampled on day 1 of age for baseline measurements. 
Four pens per treatment were randomly selected on days 5, 9, 13, 17, and 
21, and six poults in each pen were killed by cervical dislocation and 
tissue samples were taken. The poults in the remaining four pens per 
treatment were sampled at the termination of the experiment (44 days of 
age). Blood was collected by cardiac puncture and plasma amylase (Ceska 
et al., 1969) and plasma uric acid (Sigma diagnostic kit, 685, enzymatic 
uric acid determination, Sigma Chemical Co., St. Louis, MO) determined in 
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plasma samples pooled by experimental unit. At each sampling time, the 
small intestine (from ventriculus to ileo-cecal junction), liver, and 
pancreas of each poult were excised and weighed. The livers and 
pancreases were pooled by pen, frozen in liquid nitrogen, and then stored 
at -20 C until prepared for analysis. The small intestine was divided 
into three segments, duodenum (from ventriculus to pancreo-biliary 
ducts), jejunum (from pancreo-biliary ducts to yolk stalk), and ileum 
(from yolk stalk to ileo-cecal junction). Small-intestinal segment 
lengths were measured, segments were then flushed with 10 to 20 ml cold, 
deionized water, and empty segment weights recorded. The duodenum, 
jejunum, and ileum were pooled by pen, placed in preweighed vials, frozen 
in liquid nitrogen, and kept frozen at -20 C until analyzed. The right 
tibia was removed and cleaned. Tibia ash was determined on the pooled 
(by pen) tibias by drying at 70 C for 48 h and then ashing in a muffle 
furnace at 600 C for 24 h. 
On day 9 of the experiment, the distal portion of the jejunum from 
one poult from each of the sampled pens was removed and fixed in 3% 
glutaraldehyde in Sorensen's buffer for scanning electron microscopy. 
The tissues were prepared by washing six times in distilled water and 
dehydrating in a graded series of 30, 50, 75, 95, and 100% ethyl alcohol. 
After dehydration, they were critical-point dried in carbon dioxide with 
a Balzars CPD 020 critical point dryer. The preparations were attached 
to specimen stubs with colloidal silver, then sputter coated with gold-
palladium in a Balzars SCD 040 sputter coater to a film thickness of 10 
nm as measured with a Balzars QSG 301 quartz crystal thickness monitor. 
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A scanning electron microscope (JEOL, JSM 840A) was used to examine the 
preparations. 
Before analysis, pancreas and intestinal samples were thawed and 
homogenized with quantities of cold deionized water that resulted in a 
concentration of 50 mg of intestinal tissue per ml homogenate or 100 mg 
of pancreas per ml homogenate. Homogenizing was done with a Polytron 
(Kinematica PT 10-35, Brinkman Instruments, Westburg, NY) at a speed 
setting of 6 (moderate) for 30 sec. Aliquots of the intestinal 
homogenates were taken for immediate determination of protein (Lowry et 
al., 1951) and maltase and sucrase activities (Dahlquist, 1964). 
Aliquots of the pancreas homogenates were taken for immediate 
determination of protein (Lowry et al., 1951) and activities of trypsin 
(Erlanger et al., 1966), amylase (Ceska et al., 1969) and lipase 
(Brockman, 1981). Liver samples were thawed, and homogenized in a 
phosphate buffer (pH 7) with a Duall Tissue Grinder (Kontes, Vineland, 
New Jersey). Homogenized samples were extracted with 100% distilled 
ethanol and hexane (2:3:1; sample homogenate, ethanol, hexane, 
respectively). Vitamin E (total tocopherols) was determined by high-
performance liquid chromatography according to the method outlined by 
Cort et al. (1983). 
Experiment 2^ 
One-day-old, male turkeys (Nicholas) were randomly assigned to 16 
groups of eight poults each. The groups were then randomly assigned to 
four treatments, four pens per treatment; control, negative control. 
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pair-fed control, and inoculated. Each pen constituted an experimental 
unit. Poults of two treatment groups were dosed per os at 1 day of age 
with 1 ml of TPB (control and pair-fed control). Poults of the negative 
control treatment group were dosed with material obtained from a 
homogenate prepared in the same manner as the inoculum, except that the 
intestines were taken from healthy 27-day-old commercial poults. The 
fourth treatment group (inoculated) was dosed with an inoculum prepared 
as described in Experiment 1. Poults were kept in electrically heated 
battery brooders, with the inoculated treatment groups housed in a 
separate room from all other treatment groups to prevent cross 
contamination. Temperatures were kept at 35 and 32 C for the first and 
second week, respectively. Poults in all treatment groups were fed a 
practical corn-soybean meal starter diet (Table 1). Feed and water were 
provided ad libitum, except for the pair-fed control treatment group. On 
the first day of the experiment, pair-fed poults were allowed feed ad 
libitum. Starting on day 2 of age (second day of the experiment), poults 
of the pair-fed control pens were fed on the basis of the amount of feed 
consumed the preceding day by the inoculated poults plus 5%. The feed 
allowance for each day was divided into three equal portions, and each 
portion was placed in the appropriate feeders at 8 h intervals. 
Weight gain and feed consumption were determined at 9 days of age. 
On day 9 of age, three poults per pen were selected randomly and tissue 
samples were taken. Sampling and laboratory analyses were done as for 
Experiment 1, except that pancreases were not sampled or assayed. 
Differences between means of control and inoculated poults were 
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determined by one-way ANOVA (Snedecor and Cochran, 1980) in Experiment 1. 
In Experiment 2, treatment means were analyzed statistically by using a 
one-way ANOVA (Snedecor and Cochran, 1980) and orthogonal contrasts 
(Snedecor and Cochran, 1980) were done when treatment effect was 
significant (P<0.05) to detect differences between the four treatment 
means. The statistical analysis system, SAS (1985) was utilized for the 
statistical processing of data. 
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RESULTS AND DISCUSSION 
Experiment 1 
Inoculation of poults with SS-infective material reduced (P<0.05) 
gain and feed consumption at every age period, except during the last 
period (37 to 44 days of age) (Table 2). Weight gain was relatively more 
severely depressed than was feed consumption from 1 to 9 days of age. 
The gain of Inoculated poults up to 9 days of age was 46.6% that of 
controls, while feed consumption of Inoculated poults was 73.2% that of 
controls. This resulted in a significant (P<.01) increase of feed to 
gain ratios up to 9 days of age In inoculated poults (Table 2). After 9 
days of age, the relative effects of SS on gain and feed consumption were 
similar, resulting in no detectable differences in feed efficiency 
between control and Inoculated poults in the age periods comprised 
between 9 and 44 days of age. These effects of treating poults with a SS 
inoculum are consistent with effects that others have reported with 
broiler chicks. Kouwenhoven et al. (1978b) observed severe growth 
depression in broiler chicks orally dosed with a crude SS inoculum 
prepared similarly to the SS inoculum used in this experiment. Feed 
consumption has been documented to be less severely depressed than weight 
gain in SS-affected chicks; thus, conversion of feed to gain is 
influenced adversely by the infection (Bracewell and Randall, 1984). 
Griffiths and Williams (1985) also observed severe impairment in feed 
conversion up to 25 days of age in broilers obtained from a SS-affected 
flock. After 25 days of age, feed conversion was similar for normal and 
Table 2. Performance of control and inoculated poults. Experiment 1 
Days ^ 
of age 
Average daily 
gain, g 
Control Inoc" SEM 
Average daily 
feed consumption, g 
Control Inoc SEM 
Feed/gain 
Control Inoc SEM 
1 to 5 
5 to 9 
9 to 13 
13 to 17 
17 to 21 
21 to 29 
29 to 37 
37 to 44 
18. 
22.5^ 
29.3 
45.1" 
58.4" 
89.7° 
l i i 
12.3, 
17.5; 
22.if 
38. o: 
50.4 
85.2^ 
.1 
. 2  
.3 
.4 
.5 
1.2 
1.2 
1.3 
9.8, 
17.8, 
30.0j 
38.cr 
48.9^ 
72.3^ 
115.5 
164.2® 
7.1 
13.1 
21.1 
29.3 
38.4 
62.1 
103.5 
157.2" 
.1 1.27* 2.02® 
2.62® 
.05 
.3 1.61* .06 
.3 1.66® 1.73* .03 
.4 1.68* 1.69* .03 
.8 1.68* 1.74* .04 
.8 1.61* 1.63 .03 
1.2 1.98* 2.07* .06 
1.6 1.83* 1.84* .02 
For the different ages, n differs as follows: 1 to 5, means of 24 pens per treatment; 
5 to 9, means of 20 pens per treatment; 9 to 13, means of 16 pens per treatment; 13 to 17, 
means of 12 pens per treatment; 17 to 21, means of eight pens per treatment; 21 to 29, 29 to 37, 
and 37 to 44, means of four pens per treatment, 
2 Dosed per os with 1 ml of tryptose phosphate broth at 1 day of age. 
3 
Dosed per os with 1 ml of inoculum (prepared from GIT obtained from 8-day-old SS-infected 
poults) at 1 day of age. 
^'®Means within a row and within a measurement with no common superscript upper case letter 
differ (Pi.01). 
^'^Means within a row and within a measurement with no common superscript lower case letter 
differ (P<.05). 
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SS-affected broilers. 
In the current study, SS inoculation adversely affected retention of 
nutrients from 8 to 9 days of age. Retention was defined as the 
difference between the amount of a nutrient consumed and the amount of 
the nutrient excreted in the feces and urine, and thus the data presented 
are apparent retention values. Nevertheless, these values should 
represent the amount of a nutrient available for metabolism. SS-
inoculated poults retained less (P<0.05) dry matter, protein, ash, fat, 
and gross energy than did control poults (Table 3). MEn of the diet was 
not significantly different for control and inoculated poults even though 
gross energy retention was less (P<.05) in inoculated poults. The 
failure to detect a significant effect of inoculation on the MEn values 
was probably due to a relatively large error associated with the MEn 
determinations. This is illustrated by the relatively greater standard 
error of the means (Table 3) for the MEn determined values versus that 
for gross energy retention values. The magnitudes of the depression in 
retention of the nutrients measured (i.e., 4%, 8%, 4%, and 5% depression 
in the retention of dry matter, protein, fat, and ash, respectively, in 
inoculated versus control poults) were much less than that observed for 
growth (53%). This disparity indicates that mechanisms beyond digestion 
and(or) absorption of nutrients were involved in the growth depressing 
effects of the experimentally induced SS. 
It is not clear from the literature the extent to which maldigestion 
and/or malabsorption per se accounted for the severe stunting observed in 
SS-infected poultry. Lilburn et al. (1982) reported that fat retention 
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Table 3. Retention of nutrients and MEn of the diet for 9-day-old 
control and inoculated poults. Experiment 1 
Retention^ 2 Control 3 Inoculated SEM 
Dry matter, % 82.5*4 79.3^ .49 
Protein, % 81.3^ 74.5» .67 
Fat, % 88.8* 85.6^ .53 
Gross energy, % 82.9* 79.3^ .51 
Ash, % 77.8* 74.lb .64 
MEn, kcal/kg 2918* 2869* 16.1 
^Percent of that consumed not excreted in urine or feces. 
2 Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Dosed per os with 1 ml SS-inoculum at I day of age. 
4 Means of four pens per treatment. 
A B 
* Means within a row with no common superscript upper case letter 
differ (P^.Ol). 
^'^Means within a row with no common superscript lower case letter 
differ (P^.05). 
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in 3-week-old, SS-affected broiler chicks obtained from an SS-affected 
flock was 41% less than that of unaffected chicks. Nelson et al. (1982) 
also observed lower fat retention in 3-week-old broilers taken from an 
SS-affected commercial broiler flock. In contrast. Ruff (1982) did not 
detect any differences in the in vitro absorption of glucose or L-
methionine in SS-affected broilers from commercial flocks, ranging in age 
from 15 to 43 days of age. All of the work on digestion/absorption in SS 
has been carried out by using SS-affected broilers obtained from 
commercial flocks. It is difficult to interpret data obtained by using 
SS-affected birds from field cases. In field situations, it is 
impossible to pinpoint the age at which infection occurred and, more 
specifically, when the birds that were sampled were infected. Thus, it 
is not possible to determine how long the sampled birds had been affected 
with SS at the time measurements are done. Yet, in SS the age at which 
infection occurs influences the type and severity of the disease signs 
observed (Kouwenhoven et al., 1986), and the time after infection at 
which measurements are taken (i.e., at what stage in the course of the 
disease) influences the severity of the effects of SS (Griffiths and 
Williams, 1985; Kouwenhoven et al., 1986). Until now, no 
digestion/absorption studies have been done where the exact age of 
infection or the precise time after infection when measurements were 
taken have been known. In the current research, where poults were 
inoculated at 1 day of age, age at which infection occurred and the time 
after infection when measurements were taken were known. 
Changes in the appearance of the small intestine (SI) of inoculated 
\ 
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poults were evident by 4 days post inoculation (5 days of age). Upon 
necropsy, the SI of inoculated poults were engorged with gas and digesta, 
and the small intestinal wall was thin and pale. The full Sis of 
inoculated poults were heavier (P<0.01) than those of control poults when 
this weight was expressed as percentage of body weight (Table 4). This 
effect of inoculation was seen from 5 to 21 days of age but disappeared 
by 44 days of age. Lengths of the jejunum and ileum were similar in 
control and inoculated poults and the empty weights of these segments in 
inoculated poults were less, resulting in lower (P<0.01) weight per 
length (Table 5) in the jejunum and ileum of inoculated poults up to 21 
days of age. At 44 days of age, no differences were detected between the 
two treatment groups. Changes in the duodenum were observed only at 13 
and 17 days of age (Table 5). Thus, the greatest effects of inoculation 
on physical characteristics of the SI were observed in the jejunum and 
ileum. In these instances, mucosal density (weight per length) of 
inoculated poults was markedly less than that of controls. Although the 
empty weights per length of the jejunum and ileum were less in inoculated 
poults, the full small intestinal weights in these poults were 
proportionately heavier compared with controls. The heavier weights of 
the full Sis in inoculated poults were the result of a greater amount of 
digesta (greater intestinal fill) present in the Sis of these poults. 
Inoculated poults consumed more feed in relation to body size than did 
controls (Table 5), and this could have been the cause of the greater 
fill observed. Field observations support this conclusion. In field 
cases of SS, affected chicks have distended abdomens, due mainly to a 
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Table 4. Weight of full small intestine in control and inoculated 
poults, Experiment 1 
Weight small intestine, 
% of body weight 
Days of age r = 
Control Inoc SEN 
5 9.4*3 
c
 o
 
CM 
.12 
9 
PQ 00 O
 14.3* .39 
13 9.5* 13.3* .39 
17 10.of 12.3* .21 
21 8.1» 10.7* .11 
44 4.2* 4.2* o
 
00
 
''Dosed per os at 1 day of age with 1 ml tryptose phosphate broth. 
2 Dosed per os at 1 day of age with 1 ml of SS-inoculum. 
3 
Means of four pens per treatment. 
*'®Means within a row with no common superscript upper case letter 
differ (P<:.01). 
â b 
' Means within a row with no common superscript lower case letter 
differ (P(.05). 
Table 5. Physical characteristics of small intestinal segments of control and inoculated poults. 
Experiment 1 
Days 
of 
age 
Duodenum 
•weight per length 
(mg/cm) 
Jejunum 
weight per length 
(mg/cm) 
Ileum 
weight per length 
(mg/cm) 
Control Inoc SEM Control Inoc SEM Control Inoc SEM 
5 132.9 144.5* 3.8 76.9* 
s": 
208.9 
1.2 68.0* 64.6* 
72.9® 
96.4® 
1.1 
9 236.9? 230.9* 
270.6? 
334.9* 
4.3 111.5* 1.0 91. 1.3 
13 324.9* 2.6 171.3* 4.5 122.0* 2.7 
17 399.4* 8.3 209.2* 3.7 157.9* 135.5* 
157.9® 
4.5 
21 432.1* 431.9* 4.2 256.2* 2.9 181.7* 3.0 
44 694.2* 705.6* 16.5 510.5* 465.7* 11.0 340.7* 312.4* 10.9 
Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
2 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
3 
Means of four pens per treatment. 
A B 
' Means within a row and within an intestinal segment with no common superscript upper case 
letter differ (Pi.01). 
^'^Means within a row and within a measurement with no common superscript lower case letter 
differ (P<.05). 
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general distention of the intestines with poorly digested feed (Bracewell 
and Randall, 1984). 
Because of the changes observed in the jejunal and ileal intestinal 
mucosa weights, histological examination of the distal jejunum of 9-day-
old control and inoculated poults was done by using scanning electron 
microscopy. A cross section view (Figure 1, lOOX magnification) showed 
that the intestinal wall of inoculated poults was thinner than that of 
control poults. Also, villi were smaller and the depth of the crypt area 
was relatively greater. From a topical view (Figure 2, 150X 
magnification), the villi of inoculated poults were smaller and extensive 
erosion zones were visible on the tips while the villi tips of control 
poults appeared normal in shape and exhibited normal extrusion zones. 
Areas of discoloration also were evident on the villi tips of inoculated 
poults (Figure 2). Further magnification of these areas (Figure 3, 
15,000X magnification) showed that the microvilli of the inoculated 
poults were in disarray and appeared to be fused in many Instances. In 
contrast, the microvilli of control poults appeared normal and well-
distributed with no fusion evident (Figure 3). These changes in physical 
structure related to SS infection (i.e., thinner walled mucosa, smaller 
villi, and fused microvilli) probably had an adverse effect on the 
digestive and(or) absorptive capabilities of the poults. The magnitude 
of this adverse effect, however, must not have been too great, because 
SS-inoculation had a relatively small, although significant, impact on 
retention of nutrients. 
Changes in absorptive and(or) digestive capabilities of poults 
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Figure 1. Scanning electron micrograph of the distal portion of the 
jejunal mucosa of 9-day-old control and inoculated poults. 
Cross section view of the jejunal wall of control (top) 
and inoculated (bottom) poults at lOOX magnification 
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Figure 2. Scanning electron micrograph of the distal portion of the 
jejunal mucosa of 9-day-old control and inoculated poults. 
Villi tips in the jejunum of control (top) and inoculated 
(bottom) poults at 150X magnification 
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Figure 3. Scanning electron micrograph of the distal portion of the 
jejunal mucosa of 9-day-old control and inoculated poults. 
15,000X magnification of a villus tip in control (top) and 
inoculated (bottom) poults, showing microvilli covering 
the villus tip 
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should be reflected in changes in retention of nutrients. Even in the 
absence of enteric disorders, poults of this age have not fully developed 
their digestive and absorptive capabilities (Moran, 1985). For example, 
the decrease in the retention of dry matter in inoculated poults was 
about 4% compared with the retention of dry matter in control poults. 
Thus, in this experimentally-induced SS, the impact of the physical 
changes observed in inoculated poults on digestive and(or) absorptive 
capabilities seemed to be almost negligible and seemingly accounted for 
only a minor portion of the growth depression and impaired feed 
conversion seen in these poults. 
The disaccharidases, sucrase and maltase, are membrane-bound enzymes 
and any changes on the surface to which these enzymes are anchored would 
be expected to alter the activity of these enzymes. Concomitant with the 
changes observed in the intestinal mucosa (i.e., decreased surface area 
and alterations at the enterocyte surface) of inoculated poults was a 
decrease in the activities of the membrane-bound disaccharidases in the 
jejunum and ileum. Sucrase specific activity (SSA) in the jejunum and 
ileum of inoculated poults was significantly less (P<0.01) than SSA of 
control poults by 5 days of age (Table 6). The effect of inoculation on 
jejunal and ileal SSA persisted through 21 days, but was no longer 
detectable at 44 days of age. SS-inoculation had no effect on duodenal 
SSA. Similar results were obtained for maltase specific activity (MSA) 
(Figure 4). Duodenal MSA was similar in control and inoculated poults 
except at 5 days of age, at which time there was a less (P<0.05) activity 
in inoculated poults. Inoculation depressed (P<0.05) MSA in the jejunum 
Table 6. Sucrase specific activity in the small intestinal segments of control and inoculated 
poults. Experiment 1 
Sucrase specific activity 
Duodenum Jejunum Ileum 
Days of umoles sucrose hydrolyzed/mg protein/h 
age Control^ Inoc^ SEM Control Inoc SEM Control Inoc SEM 
1^ .33 .51 
5 .17* .01 .27 
9 .27* .23* .01 .16 
13 .37* .34* .02 .22 
17 .39 .35* .01 .29' 
21 .40* .37* .02 .38 
44 .38 .37* .02 .42' 
i — —— .27. .02 .18 .01 .01 .10* .04% .01 .01 .12* .06% .01 .02 .15* .09% .01 .02 .21* .16^ .01 
39* .02 .24* .21* .02 
Dosed per os at 1 day of age with 1 ml tryptose phosphate broth. 
2 
Dosed per os at 1 day of age with 1 ml SS-inoculum. 
3 
Baseline measurement prior to dosing, mean of four poults. 
4 
Means of four pens per treatment. 
^'^Means within a row and within an intestinal segment with no common superscript upper case 
letter differ (P<.01). 
^'^Means within a row and within an intestinal segment with no common superscript lower case 
letter differ (P<.05), 
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Maltase Specific Activity 
I I I r I 
•• CONTROL 
a INOCULATED 
1 5 9 17 21 44 
Duodenum 
+ 
1 S 9 17 21 44 
Jejunum 
—Days of age 
1 5 9 17 21 44 
Ileum 
— --- + 
Figure 4. Maltase specific activity (uM maltose hydrolyzed/mg protein 
hourly) in the duodenum, jejunum, and ileum of control and 
inoculated poults at different times during the experiment. 
Means of 4 pens per treatment, *P<.05. Experiment 1 
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and ileum up to 21 days of age, but, as was observed with sucrase, this 
effect was no longer evident at 44 days of age. In previous work done 
with SS-affected broiler chicks, Salyi and Szabo (1985) found that 
maltase activity in the small intestinal mucosa of experimentally 
infected chicks was less than in controls. 
No differences between control and inoculated poults were observed 
in the activities of the pancreatic enzymes, trypsin, amylase, and lipase 
(data not shown). Also, plasma amylase activity was similar in treatment 
groups throughout the experiment, indicating that there was no damage to 
the exocrine pancreas due to SS inoculation. Previously, Salyi and Szabo 
(1985) reported that pancreatic trypsin and amylase activities were less 
and that of lipase was greater in SS-affected chicks. Also, Sinclair et 
al. (1984) found elevated plasma amylase levels in stunted chicks. 
However, Kouwenhoven et al. (1978b) noted that the pancreas is not always 
affected in SS-infected chicks. It seems that the decrease in the 
retention of nutrients by inoculated poults observed in the study being 
presented here, which was relatively small, was mainly due to physical 
and physiological changes that occurred in the small intestine, 
specifically in the jejunum and ileum, with no apparent involvement of 
impaired pancreatic function. 
Liver vitamin E concentrations and plasma uric acid levels were 
similar for control and inoculated poults throughout the 44 day trial 
(data not presented). Sinclair et al. (1984) found lower plasma vitamin 
E levels in two out of five SS-affected broiler flocks surveyed. Some 
researchers (Colnago et al., 1982) have seen an amelioration of SS signs 
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when vitamin E was supplemented in the diet, but others (Smart et al., 
1985) observed no beneficial effects from vitamin E supplementation of 
diets given to SS-infected chickens. 
Experiment 2 
This experiment was designed to determine whether the deleterious 
effects caused by inoculation with SS-infective material were due to an 
agent(s) present in the intestines of SS-affected poults or if the same 
effects could be elicited by dosing with an inoculum prepared from 
intestines obtained from 'healthy' poults. The second objective of this 
experiment was to determine how much of the growth depression was due to 
the reduction in feed consumption caused by the disease. 
There were no significant differences in growth, feed consumption or 
feed efficiency up to 9 days of age between poults of the control and 
negative control (inoculated with an inoculum prepared from the 
intestines of 'healthy' 27-day-old poults) groups (Table 7). The gain of 
pair-fed controls (pair-fed with the inoculated poults) was greater 
(P<0.01) than the gain of inoculated poults, but was less (P<0.01) than 
that of control poults during this 9-day experiment. Relative to 
controls, inoculated poults gained 42.7% as much weight while the pair-
fed controls gained 68.9% as much weight. Thus, the depression in feed 
consumption due to inoculation accounted for only 54% of the growth 
depression observed. Feed conversion in pair-fed controls was similar to 
that of controls and was better (P<0.01) than that of inoculated poults. 
Maltase specific activities at 9 days of age in the duodenum, jejunum. 
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Table 7. Performance^ of control, negative 
and inoculated poults, Experiment 
control, pair-fed 
2 
control, 
Treat­ Average daily gain Daily feed consumption Feed/ 
ment (grams) (grams) gain 
2 
Control 10.3*^ 12.8* 1.24* 
Negative 4 control 9.5* 12.7* 1.33* 
Pair-fed control^ 7.1» 8.7® 1.22* 
Inoculated^ 4.4C 8.8® 2.00® 
SEM .3 .2 .03 
Performance measured from 1 to 9 days of age. 
2 
Dosed per os at 1 day of age with 1 ml tryptose phosphate broth. 
3 
Means of four pens per treatment. 
Dosed per os at 1 day of age with 1 ml of a homogenate prepared 
from gastrointestinal tracts obtained from four week old 'healthy' 
poults. 
^Dosed per os at 1 day of age with 1 ml tryptose phosphate broth and 
pair-fed to the inoculated treatment. 
^Dosed per os at 1 day of age with 1 ml SS-inoculum. 
^'^Means within a column with no common superscript letter differ 
(P<.01). 
77 
and ileum were similar in the control, negative control and pair-fed 
control poults, but the MSA in SS-inoculated poults was less (P<0.01) 
than that of all other treatment groups (Figure 5). 
Results of this experiment show that the adverse effects of 
inoculation on growth, feed consumption, and feed efficiency were due to 
an agent(s) present in the GIT of SS-affected poults and that this 
infective agent(s) was not present in intestines of 'healthy' poults. 
The depression in feed consumption caused by SS inoculation accounted for 
only 54% of the depression in growth associated with the disease. Thus, 
it seems that the remaining 46% of the depression in growth observed in 
inoculated poults was the result of impairments of digestion, absorption, 
and(or) metabolism brought about by SS infection. 
The portion of reduced growth (46%) in inoculated poults that was 
not due to the depression in feed consumption associated with SS can be 
explained only in part by the reduction in the retention of nutrients 
observed in SS-affected poults (Experiment 1, Table 3). The changes 
observed in the small intestinal mucosa of affected poults had a 
relatively small impact on digestive and(or) absorptive processes, as 
judged by the nutrient retention values obtained with these poults. 
Retentions of dry matter, protein, fat, and ash were only 4, 8, 3, and 5% 
less in inoculated poults than in control poults. These reductions in 
nutrient retentions cannot account for the severe depression in growth 
and impaired feed conversion evident in SS-inoculated poults. Therefore, 
a substantial proportion of the depression in growth brought about by SS 
must be due to problems beyond those of digestion and(or) absorption. 
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MALTASE SPECIFIC ACTIVITY 
CONTROL 
B NEGATIVE CONTROL 
PAIR FED CONTROL 
LJ INOCULATED 
DUODENUM JEJUNUM ILEUM 
Figure 5. Maltase specific activity (uM maltose hydrolyzed/mg protein 
hourly) in the duodenum, jejunum, and ileum of control, 
negative control, pair-fed control, and inoculated poults 
at 9 days of age. Means of 4 pens per treatment, *P<.01. 
Experiment 2 
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This suggests that metabolism of the retained nutrients is being altered 
in SS, causing an inefficient use of nutrients for growth. What these 
metabolic alterations are and where they occur is as yet unknown. 
30 
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ABSTRACT 
Experiments were done to determine the effect of feeding diets of 
different ingredient composition to poults experimentally infected with 
stunting syndrome (SS) at 1 day of age. In the first experiment, feeding 
a diet containing fish meal and meat and bone meal (AP diet) as the main 
protein sources eliminated the effects of SS inoculation on performance 
traits as compared with the effects of SS inoculation on poults fed a 
practical corn-soy (CS) diet. In spite of similar performances in 
noninoculated (Nonlnoc, dosed per os with 1 ml of tryptose phosphate 
broth at 1 day of age) and inoculated (Inoc, dosed per os with 1 ml of 
the SS-inoculum at 1 day of age) poults fed the AP diet, these poults had 
similar activities of sucrase and maltase in the jejunum and ileum as CS-
fed Inoc poults. Disaccharidase activities were less in Inoc poults 
(P<.01) than those in Nonlnoc poults. In Exp. 2 and 3, the effects of SS 
inoculation were more severe than those in Exp. 1. In these experiments, 
the AP diet only partially overcame the adverse effects of SS on poults 
(i.e., 90.3 and 59.6% growth depression from 1 to 5 days of age in Inoc 
poults fed the CS and AP diets, respectively, as compared to the Nonlnoc 
poults fed the same diets). The mechanism(s) by which the AP diet 
exerted its beneficial effects was not related to digestion and(or) 
absorption given that retention of dry matter was either similar (Exp. 2) 
or lower (P<.01, Exp. 1 and 3) in AP-fed poults when compared with CS-fed 
Nonlnoc and Inoc poults. Inoc poults fed the AP diet gained more (P<.01) 
dry matter, protein, and ash than Inoc poults fed the CS diet, but loss 
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of body fat was similar for poults in both treatment groups. Body 
composition of 5-day-old poults suggests that SS inoculation exerted its 
deleterious effect, in part, by altering energy metabolism and that AP-
fed Inoc poults were more efficient in utilizing retained nutrients for 
body tissue accretion than were CS-fed Inoc poults. No beneficial 
effects were observed when diets containing other protein sources (canola 
meal or soy protein, Exp. 3) were fed to Inoc poults. The decrease in 
feed consumption that resulted from SS inoculation accounted for 72% of 
the growth depression observed in Inoc poults fed the CS diet. 
Observations made on the jejunal mucosa by using electron microscopy 
showed that the villi tips of Inoc poults fed the CS diet were 
extensively colonized by long segmented filamentous organisms (LSFOs). 
Fewer LSFOs were seen in the jejunal mucosa of Inoc poults fed the AP 
diet, and none in Nonlnoc poults fed either diet. 
(Key words: turkeys, stunting syndrome, dietary manipulations) 
87 
INTRODUCTION 
Stunting syndrome (SS) is an infectious enteric disorder of young 
poultry (Kouwenhoven et al., 1978). It is characterized by impaired 
growth and feed conversion, higher than normal mortality, incidence of 
leg problems (Bracewell and Randall, 1984), histological changes in the 
small intestine and pancreas (Reece et al., 1984), and changes in the 
activities of pancreatic enzymes and of intestinal mucosa membrane-bound 
enzymes (Salyi and Szabo, 1985). All the research work available up to 
date deals with SS in broilers and to the authors' knowledge no work has 
been done specifically with SS in turkeys. 
The information available in the literature on the use of dietary 
manipulations to alter or prevent SS-disease signs is limited. Colnago 
2t (1982) reported that vitamin E and selenium supplementation of 
diets fed to SS-affected chicks significantly reduced the adverse effects 
of the disease on livability and weight gain. Veltmann et al. (1985) 
showed that high levels of dietary vitamin A exacerbated SS in broilers, 
seemingly by interfering with vitamin E and utilization. However, 
Smart et al. (1985) found no favorable effect of supplementing diets with 
selenium and(or) vitamin E in broilers affected with SS. No other 
published data are available describing the influence of dietary 
modifications on the course of SS. 
The objective of this research was to determine if feeding diets of 
different ingredient composition to poults experimentally infected with 
SS could alter the course or incidence of this disease. 
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MATERIALS AND METHODS 
In all experiments, 1-day-old, male turkeys (Nicholas Large White) 
were obtained from a commercial hatchery. Noninoculated (Nonlnoc) and 
inoculated (Inoc) poults were housed in separate rooms, in electrically 
heated battery brooders. Traffic of personnel was controlled to prevent 
contamination of Nonlnoc poults. The temperature in the battery brooders 
was kept at 35 and 32 C for the first and second week, respectively. 
Feed and water were provided ad libitum, except where specified 
otherwise. Mortality was recorded twice daily. Poults were dosed per os 
at 1 day of age with 1 ml of the inoculum or solution specified in each 
experiment. Dosing was done as soon as the poults arrived from the 
hatchery and before they were allowed feed or water. 
Inoculum Preparation 
Full gastrointestinal tracts (GIT) were collected from 8-day-old, 
SS-affected poults, inoculated in a previous experiment. The procedure 
outlined by Kouwenhoven et al. (1978) was followed for the preparation of 
the inoculum. Briefly, full GITs from SS-affected poults were blended 
with tryptose phosphate broth (TPB) (Difco Laboratories, Detroit, 
Michigan) using a ratio of 1 weight of GIT to .5 weight of TPB. The 
mixture was centrifuged at 5000 g for 30 min at 4 C. The resulting 
supernatant constituted the SS-inoculum. The inoculum was prepared just 
before its use. This part of the procedure differed from that of 
Kouwenhoven et al. (1978) in that they centrifuged at room temperature 
and froze the inoculum at -70 C before its use. 
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In previous experiments at Iowa State University (Angel ^  al., 
unpublished data), SS-inoculura prepared in the matter specified above 
elicited SS-disease signs in turkey poults (i.e., severe growth 
depression, moderate depression in feed consumption, impaired feed 
conversion, leg problems, and small intestinal changes). 
Experiment 1 
One-day-old poults were divided into twelve groups of eight poults 
each such that group weights were similar. The twelve groups were 
assigned randomly to four experimental treatments and each group 
constituted an experimental unit (i.e., there were three experimental 
units per treatment). 
The four experimental treatments were the result of a complete 
factorial arrangement (2x2) of two dietary treatments and two inoculation 
levels. The two diets were a corn-soybean meal diet (CS) and an animal-
protein diet (AP). The composition and calculated analysis of the two 
diets are given in Tables 1 and 2, respectively. The two levels of 
inoculation were: Nonlnoc and Inoc. Nonlnoc poults were dosed with TPS, 
and the Inoc poults with the SS-inoculum. 
The CS and AP diets were formulated to meet or exceed National 
Research Council (NRC, 1984) recommended nutrient levels and to be 
isocaloric (2850 kcal MEn/kg) and isonitrogenous (28.5% protein). Diets 
were analyzed for nitrogen content (macro-Kjeldahl method. Association of 
Official Analytical Chemists, AOAC, 1980, section 2.057) and the protein 
calculated by multiplying the percent nitrogen by 6.25 (AOAC, 1980, 
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Table 1. Composition of the corn-soy and animal-protein diets, 
Experiments 1 and 2 
Ingredient Corn-soy diet Animal-protein diet 
% % 
Corn (8.44% protein) 40.51 46.10 
Vitamin premix^ .30 .30 
Mineral premix .30 .30 
Soybean meal (47.4% protein) 52.91 
Limestone 1.46 
Dicalcium phosphate 2.34 
Animal-vegetable fat 2.08 
DL-methionine (98%) .10 
Fish meal (56.6% protein) — 15.00 
Meat and bone meal (51% protein) 8.00 
Sunflower meal (32.4% protein) 20.00 
Corn gluten meal (63.04% protein) 8.81 
Solkafloc 1.05 
L-lysine (78%) .44 
^Supplied per kilogram of diet: vitamin A, 5,000 lU; vitamin D , 
1,500 lU; vitamin E, 12 III; vitamin B 11 ug; vitamin K, 
7 mg; niacin, 75 mg; 
1.8 mg; 
riboflavin, 2.7 mg; pantothenic acid, choline, 509 
mg; folic acid, .55 mg; biotin, 75 ug 
2 _ 
• 
Supplied per kilogram of diet: manganese, 70 mg; zinc, 40 mg; 
copper, 6 mg; selenium, .15 mg; sodium chloride, 2.60 g. 
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Table 2. Calculated analysis of the corn-soy and animal-protein diets, 
Experiments 1 and 2 
Ingredient Corn-soy diet Animal-protein diet 
Dry matter, % 
MEn, kcal/kg 
Protein, %, 
Total sulfur amino acids, % 
Methionine, % 
Lysine, % 
Calcium, % 
Available phosphorus, % 
Sodium, % 
Chlorine, % 
Potassium, % 
Iodine, % 
Provitamin A, lU/kg 
Vitamin E, lU/kg 
Riboflavin, mg/kg 
Pantothenic acid, mg/kg 
Niacin, mg/kg 
Xanthophyls, mg/kg 
Crude fiber, % 
Ether extract, % 
91.21 92.27 
2850 , 2850 
28.50 (28.71) 28.50 (29.86) 
1.00 1.09 
.55 .64 
1.76 1.65 
1.20 1.48 
.60 .86 
.12 .24 
.22 .36 
1.19 .56 
.30 .50 
2000 6710 
16.5 19.3 
4.9 5.3 
23.6 23.8 
96.3 155.6 
6.9 33.4 
2.95 5.14 
4.04 (4.19) 4.56 (3.17) 
^Values in parentheses were determined by laboratory analysis. 
92 
section 14.068). The CS and ÂP diets contained on an as is basis, 28.71 
and 29.86% protein, respectively. The AP diet contained no soybean meal 
and had fish meal and meat and bone meal as the main ingredients 
supplying the protein. 
Poults were group weighed at 1, 3, 5, 8, and 13 days of age, and 
average feed consumption for the turkeys in each pen was calculated at 3, 
5, 8, and 13 days of age from feed and mortality records. When poults 
were 3 days of age, a nutrient retention study was started. Poults were 
fasted for 3 h, fed for 48 h, and then fasted again for 3 h. Feed 
consumption was determined for the 48 h feeding time. Total collection 
of excreta was done starting after the first 3 h fast until the end of 
the second 3 h fast. Excreta were dried in a force draft oven at 70 C 
for 72 h and dry matter weight determined. Dried excreta and feed 
samples were ground to pass through a .5 mm mesh sieve. Feed and excreta 
samples were analyzed for dry matter (dried in a force draft oven at 70 C 
for 48 h), for nitrogen content by the macro-Kjeldhal method (AGAC, 1980, 
section 2.057) and protein calculated by multiplying the percent nitrogen 
by 6.25 (AGAC, 1980, section 14.068), for ash by ashing in a muffle oven 
at 600 C for 24 h, and for fat by the ether extract procedure (AOAC, 
1980, section 7.056). Retentions of nutrients were calculated by taking 
the difference between the amount of the nutrient consumed and the amount 
of the nutrient excreted in the urine and feces (all values were 
expressed on a dry matter basis). 
On day 1 of the experiment, four poults were sampled for baseline 
measurements. Two poults per pen were sampled at 5 days of age. Poults 
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were killed by cervical dislocation and tissue samples taken. The full 
small intestine (from the ventriculus to the ileo-cecal junction) was 
excised and weighed, then divided into three segments: duodenum (from 
ventriculus to pancreo-biliary ducts), jejunum (from pancreo-biliary 
ducts to yolk stalk), and ileum (from yolk stalk to ileo-cecal junction). 
The lengths of the three small intestinal segments were measured, the 
segments flushed with 10 ml of cold, deionized water, and weighed. The 
duodenum, jejunum, and ileum from the two poults sampled per pen were 
pooled, frozen in liquid nitrogen, and kept at -20 C until analyzed. 
Before analysis, intestinal samples were thawed and homogenized with 
quantities of cold, deionized water that resulted in a concentration of 
50 mg of intestinal tissue per ml of homogenate. Tissues were 
homogenized using a Polytron (Kinematica PT 10-35, Brinkman Instruments, 
Westburg, NY) at a speed setting of 6 (moderate) for 30 seconds. 
Aliquots of the intestinal homogenates were taken for immediate 
determination of protein (Lowry et al., 1951) and maltase and sucrase 
activities (Dahlquist, 1964). 
Experiment 2 
This experiment consisted of five experimental treatments. Four of 
these treatments were the result of a complete factorial arrangement of 
two diets (corn-soy (CS) and animal-protein (AP) (Table 1 and 2) and two 
levels of inoculation (Nonlnoc and Inoc). Nonlnoc poults were dosed with 
TPS and Inoc poults with the SS-inoculum. The fifth treatment was a CS 
Nonlnoc treatment pair-fed to the feed consumption of the CS Inoc 
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treatment. The inoculum was prepared as described previously except that 
instead of using the supernatant resulting from centrifugation (which 
constituted the inoculum in Experiment 1), a two times dilution of the 
supernatant was used as the SS-inoculum. 
One-day-old poults were assigned randomly to twenty groups, four 
experimental units (groups) per treatment. Twelve groups of twelve 
poults each were assigned randomly to the three Nonlnoc treatments (CS 
Nonlnoc, CS pair-fed, and AP Nonlnoc). The eight remaining groups of 
fourteen poults each were assigned randomly to the Inoc treatments (CS 
Inoc, AP Inoc). The numbers of poults per group (experimental unit) were 
different in Nonlnoc and Inoc groups to compensate for the higher 
mortality expected in Inoc treatments groups as compared with Nonlnoc 
treatment groups. 
Poults were group weighed at 1, 2, 5, and 9 days of age and average 
feed consumption was calculated at 2, 5, and 9 days of age from feed and 
mortality records. During the first day of the experiment, poults in all 
treatments were allowed feed and water ad libitum, and feed consumption 
during the first 24 h was determined. From 2 to 5 days of age, CS pair-
fed groups were fed on the basis of the previous day feed consumption 
plus 5% of the CS Inoc treatment. Pair-fed groups were fed one-third of 
the day's allowance three times a day (8 h intervals). The feed 
allowance for the CS pair-fed group was adjusted upwards by 5 percentage 
units to compensate for the estimated increase in feed consumption with 
age of the CS Inoc poults. 
A nutrient retention and body composition study was started when the 
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poults were 2 days of age. Feed was removed from all pens for 3 h, pen 
weights recorded, and two poults of mean pen weight were sampled from 
each pen for initial body composition determination. After the 3 h fast, 
feed was provided ad libitum for 72 h (until the poults were 5 days of 
age) in all treatments except in the pair-fed treatment. After the end 
of the 72 h feeding period, poults were fasted for 3 h and pen weights 
determined. Feed consumption for the 72 h feeding time was determined. 
At this time, two poults of mean pen weight were sampled from each pen 
for 5-days-of-age body composition determination. Total excreta were 
collected every 25 h during the 72 h feeding and the second 3 h fast. 
Excreta samples were pooled by pen for analysis and dried in a force 
draft oven for 72 h at 70 C, and dry weight of the 72-h collection was 
determined. Feed and excreta were ground to pass through a .5 mm mesh 
sieve, analyzed and retention of nutrients calculated as described in 
Experiment 1. 
Poults selected for sampling were killed by cervical dislocation, 
and whole bodies were prepared for chemical analysis by using a modified 
version of the procedure described by Sibbald and Wolynetz (1984). The 
two poults sampled per pen were placed in a preweighed quart canning jar. 
A weight of water equal to the weight of the poults was added and the jar 
covered with a lid in which holes had been made to allow for movement of 
steam. The. weight of the jar after each addition was recorded. The jars 
were autoclaved for 8 h at 110 C (1074 mm Hg). After cooling, the jars 
were weighed and any weight loss during autoclavlng was assumed to be 
water loss. This amount of water was added to each jar. Each jar's 
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contents were emptied into a Waring blender and a weight of water 
equivalent to two times the weight of the poults was added. The contents 
were blended at high speed for approximately 2 min to obtain a homogenous 
mixture. The contents were blended again for 10 sec at high speed, and a 
sample was ladled into a preweighed drying pan as quickly as possible to 
prevent settling out of larger particles. This process was repeated and 
a second sample taken. The weight of the sample plus pan was recorded. 
The homogenates were dried in a force draft oven at 70 C for 36 h and dry 
sample weight determined. Percentage dry matter content of the poult 
carcasses was calculated using the following formula: 
((((Poult wt + water added) x dry sample wt)/wet 
sample wt)/poult wt] x 100 
(where water added is the total weight of water added throughout the 
procedure minus the weight lost during autoclaving). Dry samples were 
ground to pass though a .5 mm mesh sieve, and dry matter, protein, ash, 
and fat content determined as described for excreta samples in Experiment 
1. Grams of dry matter, protein, ash, and fat gain (dry matter basis) 
for the 75 h retention trial were calculated. 
At the end of the retention trial (5 days of age), the CS pair-fed 
treatment was terminated. Body weights and feed consumption for the 
remaining four treatments were determined at 9 days of age, at which time 
the experiment was terminated. 
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Experiment 3 
This experiment consisted of a complete factorial arrangement of 
five dietary treatments and two levels of inoculation (Nonlnoc and Inoc). 
Poults were dosed with either TPB (Nonlnoc) or a SS-inoculum (Inoc) 
prepared as described in Experiment 2. The five diets tested in this 
experiment were: a CS diet; an AP diet; a soy protein diet (SP) that 
contained isolated soy protein (RP-lOO, Ralston Purina, St. Louis, MO) as 
a main protein source, with potassium added so that this diet contained a 
level of potassium that was similar to the CS diet; a soy protein diet 
(SPnoK) with no added potassium; and a canola meal-based diet (CAN) 
devoid of soybean meal. The composition of the five diets is given in 
Table 3 and the calculated nutrient content in Table 4. These diets were 
formulated to be isocaloric (2850 kcal MEn/kg) and isonitrogenous (28.5% 
protein). However, laboratory analysis showed that the protein content 
of the diets ranged from 28.12% protein in the CS diet to 29.41% protein 
in the SP diet. 
One-day-old poults were assigned randomly to the ten experimental 
treatments. There were four experimental units (pens) per treatment. In 
Nonlnoc treatments, each pen contained 9 poults, while in the Inoc 
treatments each pen contained 12 poults. 
A nutrient retention study was started as soon as the poults were 
dosed and placed in the battery brooders. Four poults were killed before 
the experiment started for initial body composition determination. 
Initial and 5-days-of-age pen weights were recorded. Feed and water were 
provided ad libitum for 4 days (until the poults were 5 days of age) and 
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Table 3. Composition of the diets, Experiment 3 
Corn- Animal- Soy- Soy- Canola 
soy protein protein protein meal 
Ingredient diet, 
% 
diet, 
% 
diet, 
% 
no added K 
diet, % 
diet, 
% 
Corn (8.92% CP) 41.04 47.28 40.39 40.70 46.76 
Soybean meal (47.13% CP) 52.54 — — — 
Limestone 1.47 2.52 2.10 .74 
Dicalcium phosphate 2.34 2.09 2.06 2.90 
Vitamin premix^ .30 .30 .30 .30 .30 
Mineral premix .30 .30 .30 .30 .30 
Animal-vegetable fat 1.91 2.95 2.63 1.72 
DL-Methionine (98%) .10 .40 .39 —— 
Fish meal (56.6% CP) 15.00 — 
Meat and bone meal 
(51% CP) —— 8.00 — 3.15 
Sunflower meal (32.4% CP) — 18.96 — 4.20 
Corn gluten meal 
(63.04% CP) 8.67 — 
L-lysine (78%) .44 .05 .06 
Solkafloc 2 — 1.05 2.02 1.57 .54 
Soy protein —— — 23.53 23.54 — 
Wheat midds (17.35% CP) — — 23.93 26.14 — 
Choline chloride — .22 .21 — 
KC03 — — 1.30 — 1.19 
Canola^meal (38.21% CP) — — — 21.02 
Casein — — — — 8.77 
Supplied per kilogram of diet: vitamin A, 5,000 lU; vitamin D_, 
1,500 lU; vitamin E, 12 III; vitamin B22, H ug; vitamin K, 1.8 mg; 
riboflavin, 2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; choline, 509 
mg; folic acid, .55 mg; biotin, 75 ug. 
2 Supplied per kilogram of diet; manganese, 70 mg; zinc, 40 mg; 
copper, 6 mg; selenium, .15 mg; sodium chloride, 2.60 g. 
Soy-protein obtained from Ralston Purina (St. Louis, MO) (product 
name, RP-lOO), 85.1% protein. 
^Casein, high protein (84.21% protein) obtained from Teklad 
(Madison, WI) product name; Casein, HP (160030). 
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Table 3. (Continued) 
Corn- Animal- Soy- Soy- Canola 
soy protein protein protein meal 
Ingredient diet, diet, diet, no added K diet, 
% % % diet, % • % 
Sand ^ — — — — 1.05 
Feather megl — — —— — 3.68 
Blood meal — — — — 3.68 
^Feather meal, hydrolyzed (78.53% protein, 8.17% ether extract). 
^Blood meal, ring dried (83.48% protein, .55% ether extract). 
Table 4. Calculated analysis of the corn-soy, animal-protein, soy-protein, soy-protein no added 
potassium, and canola diets. Experiment 3 
Diet 
Corn- Animal- Soy- Soy-protein Canola 
soy protein protein no added K meal 
Dry matter, % 90.67 91.02 91.37 91.31 91.06 
MEn, kcal/kg 2850 1 2850 2850 2850 2850 
Protein, % 28.50 (28.12) 28.50 (28.46) 28.50 (29.41) 28.50 (28.79) 28.50 
Total sulfur aa, % 1.00 1.09 .95 .96 .96 
Methionine, % .55 .63 .70 .71 .57 
Lysine, % 1.75 1.65 1.98 1.65 1.76 
Calcium, % 1.20 1.48 1.43 1.28 1.40 
Available 
phosphorus, % .60 .86 .60 .60 .87 
Sodium, % .12 .24 .27 .27 .17 
Chlorine, % .22 .36 .22 .21 .24 
Potassium, % 1.19 .55 1.18 .48 1.18 
Provitamin A, lU/kg 4500 4500 4500 4500 4500 
Vitamin E, lU/kg 16.61 19.5 18.2 18.6 16.3 
Niacin, mg/kg 96.41 153.1 130.6 134.8 134.5 
Xanthophyls, mg/kg 6.98 33.2 6.9 6.9 8.0 
Crude fiber, % 2.95 5.92 4.99 5.23 4.68 
Ether extract, % 3.71 (3.48) 3.94 (2.94) 4.90 (4.91) 4.71 (4.87) 4.26 
Values in parentheses were determined by laboratory analysis. 
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feed consumption determined. After the 4-day feeding, poults were fasted 
for 3 h. One poult of mean pen weight from three pens per treatment was 
sampled after the 3 h fast (at 5 days of age) for final body composition 
determination. Excreta were collected (total collection) every 24 h 
starting at the beginning of the experiment, until the end of the 3 h 
fast. Excreta samples were pooled by pen, dried in a force draft oven 
for 72 h at 70 C, and dry matter weight determined. Feed, excreta, and 
poults taken for body composition determination were processed and 
analyzed as described in Experiment 2. 
The remaining poults in each pen were given feed ^  libitum until 
the end of the experiment (9 days of age). Pen weights and feed 
consumption were determined at this time. One poult from each of two 
pens from the CS and AP Nonlnoc and Inoc treatments were sampled at the 
termination of the experiment. The poults were killed by cervical 
dislocation and the distal portion of the jejunum (3 cm) was removed, 
opened, and fixed in 3% glutaraldehyde in .1 M Sorensen's phosphate 
buffer (pH 7.3) for transmission (TEM) and scanning electron microscopy 
(SEN). Samples for TEM were processed in a Lynx Automatic Tissue 
Processor (Farleigh Dickinson Laboratories, Inc., Morrisville, NC). The 
tissues were post-fixed in 1% osmium tetroxide in .1 M Sorensen's 
phosphate buffer (pH 7.3), then dehydrated in a series of graded ethanol 
solutions. . Propylene oxide was used as a transitional solvent between 
the last dehydration step (100% ethanol) and infiltration in epoxy resin. 
Two micrometer thick orientation sections were cut with glass knives and 
stained with 1% toluidine blue in 1% sodium borate. Areas for thin-
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sectioning were selected, blocks trimmed and sectioned with a diamond 
knife on an LKB Ultrotome (LKB-Reichert Jung, Deerfield, IL). Sections 
were collected on uncoated copper grids (mesh size HT200) and post-
stained in 2% methanolic uranyl acetate for 9 minutes, rinsed in 
deionized water, then stained for 9 minutes in Reynold's lead citrate, 
and rinsed in deionized water. The grids were examined in a Hitachi HS-9 
transmission electron microscope (Hitachi Instruments, Conroe, TX) at 7 5 
kv. Samples for SEM were treated with tannic acid and osmium tetroxide 
solutions, dehydrated in a graded ethanol series, critical-point dried 
from 100% ethanol, and sputter-coated with gold-palladium. Tissues were 
examined in a Cambridge Stereoscan S-200 scanning electron microscope 
(Cambridge Instruments, Inc., Deerfield, IL). 
Statistical Analysis 
Data from Experiments 1 and 3 were analyzed statistically by using a 
two-way (diet by inoculation) analysis of variance by using the 
Statistical Analysis System (SAS, 1985) program. In Experiment 2, data 
were analyzed using a one-way analysis of variance. The diet and 
inoculation main effects and the interactions were determined by using 
contrasts (Snedecor and Cochran, 1980). Contrasts were also used to 
determine differences between CS-fed treatment groups (Inoc, Nonlnoc, and 
pair-fed). When percentage values are presented in the tables, the 
probabilities for these values were calculated from an analysis of 
variance of the arc sine transformation of these values (Snedecor and 
Cochran, 1980). 
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RESULTS 
Experiment 1 
Body weights at the end of the experiment (13 days of age) were 
similar in Nonlnoc poults fed either diet (Table 5). CS-fed Inoc poults 
had the lowest body weights at 13 days of age while AP-fed Inoc poults 
weighed as much as the AP-fed Nonlnoc poults. Weight gain data (Table 5) 
show that the AP diet promoted greater (P<.01) body weight gains than did 
the CS diet in both the Nonlnoc and Inoc poults during the first 5 days 
of the experiment. The opposite was true for the last period (1 to 13 
days of age), during which Nonlnoc poults fed the CS diet gained more 
(P<.01) than Nonlnoc poults fed the AP diet. SS-inoculation markedly 
reduced (P<.01) gain in CS-fed poults throughout the experiment, but had 
no effect on gain of AP-fed poults except during the first 2 days after 
inoculation. AP-fed Inoc poults gained essentially as much as CS-fed 
Nonlnoc poults up to 8 days of age. Statistical analysis by two-way 
analysis of variance (diet by inoculation) showed instances of diet by 
inoculation interaction effects on weight gain. These interactions were 
due to differences in the effect of inoculation on gain in poults fed the 
two diets (i.e., severe depression in gain in CS-fed poults, no effect on 
gain in AP-fed poults). 
Feed consumption (Table 6) was not affected by dietary treatment. 
SS-inoculation reduced (P<.05) feed consumption in the 1 to 3 and 5 to 8 
days of age periods. A diet by inoculation interaction (P<.05) was 
evident in the 5 to 8 days of age period resulting from the different 
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Table 5. Weight gain of Nonlnoc and Inoc poults fed the corn-soy and 
animal-protein diets. Experiment 1 
Body weight gain^, grams per poult Body 
weight at 
Days of age 13 days 
Diet Inoculation 1 to 3 3 to 5 5 to 8 8 to 13 of age 
Corn-soy 2 Nonlnoc 
3 
13.9 11.2 32.5 102.1 214.0 
Corn-soy Inoc^ 7.3 4.2 11.8 68.2 147.9 
Animal-protein Nonlnoc 18.5 13.9 29.8 86.3 203.1 
Animal-protein Inoc 13.2 15.2 29.3 80.0 192.4 
SEM .42 .36 1.32 3.2 4.2 
Probabilities: 
Diet .001 .005 .049 .773 .053 
Inoculation .001 .001 .005 .012 .001 
Diet X Inoculation .471 .001 .013 .070 .005 
^Body weight gain, by period per poult. 
2 Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Means of three pens per treatment. 
Dosed per os with 1 ml 55-inoculum at 1 day of age. 
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Table 6. Feed consumption of Nonlnoc and Inoc poults fed the corn-soy or 
animal-protein diets, Experiment 1 
Diet Inoculation 
Feed consumption^, grams per poult 
Days of age 
1 to 3 3 to 5 5 to 8 8 to 13 
Corn-soy 2 Nonlnoc 18.5^ 21.3 51.3 151.9 
Corn-soy Inoc4 13.5 16.3 36.1 113.5 
Animal-protein Nonlnoc 16.2 18.4 45.3 143.8 
Animal-protein Inoc 15.4 17.9 43.3 154.7 
SEN .42 .68 .99 6.56 
Probabilities: 
Diet .842 .646 .762 .241 
Inoculation .011 .089 .005 .241 
Diet X Inoculation .052 .144 .017 .097 
^Feed consumption by period per poult. 
2 
Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Mean of three pens per treatment. 
4 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
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effect of SS inoculation on poults fed the two diets. SS inoculation 
decreased feed consumption in CS-fed poults but had no effect in AP-fed 
poults. 
Nonlnoc poults fed the AP diet converted feed to gain more 
efficiently from 1 to 5 days of age than Nonlnoc poults fed the CS diet 
(Table 7). Inoculation impaired (P<.05) feed conversion in CS-fed poults 
between 1 and 8 days of age, and this resulted in a diet by inoculation 
interaction (P<.05). AP-fed Inoc poults converted feed to gain more 
efficiently than CS-fed Inoc poults diet between 1 and 8 days of age. 
Thus, AP-fed poults were not as affected by SS inoculation as CS-fed 
poults, especially between 3 and 8 days of age. 
Mortality was low (one poult per treatment) and similar in all 
treatments from 1 to 8 days of age. On day 10 of the experiment, Inoc 
poults fed the AP diet started to exhibit ascites-type signs and by the 
end of the experiment, four out of twenty-four poults had died. 
Percent retentions of dry matter and protein (calculated as the 
percentage of the nutrient consumed that was not excreted in the urine or 
feces) were not affected by dietary treatment (Table 8). There was an 
effect of inoculation on retention of dry matter, protein and fat. This 
effect was due to the decreased retention of nutrients in the AP-fed 
poults. CS-fed Inoc poults retained nutrients as well as Nonlnoc poults 
fed the CS diet. This resulted in a diet by inoculation interaction 
(P<.05) on retention of dry matter, protein, and fat. Fat retention was 
most severely affected. 
Full small intestinal weight at 5 days of age, expressed as a 
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Table 7. Feed efficiency of Nonlnoc and Inoc poults fed the corn-soy or 
animal-protein diets, Experiment 1 
Diet Inoculation 
Feed to gain ratio 
Days of age 
1 to 3 3 to 5 5 to 8 8 to 13 
Corn-soy Nonlnoc^ 1 .34% 1.91 1.58 1.50 
Corn-soy Inoc^ 1 .88 3.89 3.24 1.68 
Animal-protein Nonlnoc .88 1.34 1.52 1.67 
Animal-protein Inoc 1 .19 1.12 1.55 1.93 
SEM .07 .09 .13 .05 
Probabilities: 
Diet .005 .001 .017 .083 
Inoculation .015 .005 .052 ,.075 
Diet X Inoculation .049 .001 .051 .679 
^Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
Means of three pens per treatment. 
3 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
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Table 8. Dry matter , protein, and fat retention of Nonlnoc and Inoc 
poults fed the corn-soy or animal-protein diets. Experiment 1 
Percent retention^ 
Diet Inoculation Dry matter Protein Fat (ether 
extract) 
Corn-soy 2 Nonlnoc 60.9^ 52.9 69.51 
Corn-soy Inoc^ 63.1 53.4 72.06 
Animal-protein Nonlnoc 65.9 59.2 55.8 
Animal-protein Inoc 56.6 47.5 26.0 
SEM 1.94 2.35 2.58 
Probabilities; 
Diet .683 .815 .001 
Inoculation .019 .048 .001 
Diet X Inoculation .002 .034 .001 
^Percent of the nutrient consumed not excreted in urine or feces. 
2 
Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Means of three pens per treatment. 
4 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
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percentage of body weight, was not affected by diet (Table 9). Full 
small-intestinal weight, however, was greater (P<.01) in Inoc poults than 
in Nonlnoc poults, regardless of diet. The weights per length of the 
empty duodenum, jejunum, and ileum were not affected by dietary 
treatment. Inoculation had an effect (P<.05) only on duodenal weight per 
length and, in this instance, Inoc poults had heavier weights per lengths 
than Nonlnoc poults. The specific activities (uM of substrate hydrolyzed 
per mg protein hourly) of the membrane-bound disaccharidases (maltase and 
sucrase) in the jejunum of 5-day-old poults were not affected by diet 
(Table 10). Inoculation significantly decreased (P<.01) maltase and 
sucrase specific activities in poults fed either diet. Thus, there were 
no diet by inoculation interaction effects. Similar effects (no diet 
effect and similar decreases in the activities of sucrase and maltase in 
Inoc poults fed either diet) were observed in the ileum (data not shown). 
The activities of the disaccharidases in the duodenum were not affected 
by either diet or inoculation (data not shown). 
Experiment 2 
There was an effect (P<.01) of diet and inoculation on body weight 
at 9 days of age (Table II). Nonlnoc poults fed the CS and AP diets had 
similar body weight. Inoc poults weighed less than Nonlnoc poults, 
irrespective of diet fed. AP-fed Inoc poults weighed more (P<.01) than 
CS-fed Inoc poults, and this resulted in a diet by inoculation 
interaction (P<.01). There were effects (P<.01) of diet, inoculation, 
and diet by inoculation interaction on gain (Table 11). Inoculation 
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Table 9. Full small intestinal weight and empty weights per length of 
the duodenum, jejunum, and ileum of Nonlnoc and Inoc pçults 
fed the corn-soy or animal-protein diets, Experiment 1 
Full small Weights per length 
Diet Inocu- intestinal weight Duodenum Jejunum Ileum 
lation % of body weight mg/cm 
Corn-soy Nonlnoc 12.93 126.7 76.4 74.5 
Corn-soy Inoc^ 16.5 136.8 65.9 67.0 
Animal-protein Nonlnoc 11.9 91.3 71.6 64.0 
Animal-protein Inoc 16.4 141.0 71.4 76.1 
SEM .43 4.6 3.1 1.8 
Probabilities: 
Diet .46 .13 .96 .84 
Inoculation .002 .012 .41 .55 
Diet X Inoculation .77 .065 .43 .03 
Measurements on samples taken at 5 days of age. 
2 Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Means of three pens per treatment. 
4 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
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Table 10. Maltase and sucrase specific activity in the jejunum of 5-day-
old Nonlnoc and Inoc poults fed the corn-soy or animal-protein 
diets, Experiment 1 
Diet 
Inocu- Maltase 
lation specific activity 
Sucrase 
specific activity 
Corn-soy 
Corn-soy 
Animal-protein 
Animal-protein 
SEM 
Nonlnoc 
Inoc^ 
Nonlnoc 
Inoc 
1 
uM substrate hydrolyzed/mg protein hourly 
. 2  4.6 
1.4 
5.7 
1.7 
.47 
.81 
.07 
.86 
.07 
.03 
Probabilities: 
Diet 
Inoculation 
Diet X Inoculation 
.79 
.001 
.68 
.87 
.001 
.84 
1 Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
^Means of three pens per treatment. 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
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Table 11. Weight gain and feed consumption of Nonlnoc and Inoc poults 
fed the corn-soy and animal-protein diets, Experiment 2 
Days of age Body 
2 to 5 5 to 9 weight 
Inocu­ Feed con­ Feed con­ at 9 days 
Diet lation Gain sumption Gain sumption of age 
Corn-soy Nonlnoc^ 24.8®^'^ 31.8^ 48.5 74.2 139.7 
Corn-soy Inoc^ 2.4^ 14.9* 6.2 35.5 68.3 
Animal-protein Nonlnoc 27.5 30.0 48.4 68.7 141.8 
Animal-protein Inoc 11.1 18.25 21.3 51.1 93.4 
SEM 
CM 
.22 .77 .74 .82 
Probabilities: 
Diet .001 .142 .001 .005 .001 
Inoculation .001 .001 .001 .001 .001 
Diet X Inoculation .001 .001 .001 .001 .001 
Corn-soy Pair-fed^ 8.7^ 15.0* — 
^Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
2 
Means of four pens per treatment. 
3 
Means within a column with different superscript letter differ 
(P<.05) on the basis of contrast between corn-soy Nonlnoc, Inoc, Pair-fed 
treatments. 
4 Dosed per os with 1 ml SS-inoculum at 1 day of age. 
^Dosed per os with 1 ml tryptose phosphate broth at 1 day of age and 
pair-fed to the corn-soy Inoc treatment. 
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severely depressed (P<.01) gain throughout the experiment, regardless of 
dietary treatment, but inoculation decreased gain to a lesser extent in 
AP-fed poults (60%) as compared with the reduction in gain (90%) in CS-
fed poults. Feed consumption was not affected by dietary treatment up to 
5 days of age, but from 5 to 9 days of age there was a significant 
(P<.05) effect of diet (Table 11). This diet effect was due to a greater 
feed consumption by Inoc poults fed the AP diet as compared with Inoc 
poults fed the CS diet. Inoculation decreased (P<.01) feed consumption 
throughout the experiment and, because this effect on CS-fed poults was 
more pronounced than on AP-fed poults, a diet by inoculation interaction 
(P<.01) was evident in both periods. Dietary treatment, as well as 
inoculation, affected (P<.01) feed efficiency during the first 3 days of 
the experiment (2 to 5 days of age) (Table 12). Nonlnoc poults fed the 
AP diet were more efficient in converting feed to gain than Nonlnoc 
poults fed the CS diet, and the same relationship was evident for Inoc 
poults fed the two diets. Inoculation severely impaired feed conversion 
regardless of dietary treatment, but CS-fed poults were more severely 
affected by inoculation than poults fed the AP diet, resulting in a 
significant diet by inoculation interaction (P<.01). During the last 
period of the experiment (5 to 9 days of age), similar relationships 
between diets and Nonlnoc and Inoc treatments as those seen for the first 
period of the experiment were evident, but only the inoculation effect 
was significant (P<.05). During this period, extreme variation occurred 
among groups of poults treated alike, as evidenced by the high standard 
error of the means. 
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Table 12. Feed efficiency of Nonlnoc and Inoc poults fed the corn-soy 
or animal-protein diets, Experiment 2 
Feed to gain ratio 
Diet Inoculation Days of age 
2 to 5 5 to 9 
Corn-soy 
Corn-soy 
Animal-protein 
Animal-protein 
Nonlnoc 
Inoc^ 
Nonlnoc 
Inoc 
1.28* '3 
6.25b 
1.09 
1.65 
1.53 
6.15 
1.42 
2.45 
SEM .34 .67 
Probabilities; 
Diet 
Inoculation 
Diet X Inoculation 
.005 
.002 
.008 
.085 
.026 
.098 
Corn-soy pair-fed 1.74* 
Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
2 
Means of four pens per treatment. 
3 
Means within a column with different superscript letter differ 
(P<.05) on the basis of contrasts between corn-soy Nonlnoc, Inoc, and 
pair-fed treatment groups. 
4 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
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Mortality throughout the experiment totaled 10.6 and 4.7% in Inoc 
poults fed the CS and AP diets, respectively. Ascites-type signs were 
not observed in this experiment. No mortality occurred among Nonlnoc 
poults. 
The retentions of dry matter, protein, ash, and fat from 2 to 5 days 
of age were affected (P<.05) by diet (Table 13). AP-fed poults retained 
more of the dry matter and protein consumed than CS-fed poults, 
regardless of inoculation treatment. The opposite was true for fat 
retention, in which case CS-fed poults retained more fat than AP-fed 
poults. The significant effect of diet and of diet by inoculation 
interaction on ash retention was the result of the greater ash retention 
by Inoc poults fed the AP diet as compared with all other treatment 
groups. Inoculation affected (P<.05) the retention of all nutrients 
measured. Protein and fat retentions were lower in Inoc poults, 
regardless of dietary treatment. The inoculation effect on ash retention 
was caused by an increase in retention of ash by Inoc poults fed the AP 
diet, since Inoc poults fed the CS diet retained about the same 
percentage of ash as Nonlnoc poults fed the same diet. Diet by 
inoculation interactions occurred only in the instances of dry matter and 
ash retentions. 
Poults from each treatment were sampled to determine carcass 
composition, at the beginning (2 days of age) and at the end (5 days of 
age) of the period in which total collection of excreta was done. The 
dry matter of the carcasses at 2 days of age were 23.5, 23.8, 22.9, and 
22.2% for Nonlnoc poults fed the CS and AP diets and for Inoc poults fed 
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Table 13. Retention of nutrients by Nonlnoc and Inoc poults fed the 
corn-soy or animal-protein diets. Experiment 2 
Percent retention^ 
Diet Inoculation Dry matter Protein Ash Fat 
Corn-soy 
Corn-soy 
Animal-protein 
Animal-protein 
Nonlnoc 
Inoc5 
Nonlnoc 
Inoc 
57.6 
58.9' 
6 8 . 1  
62.9 
b3,4 52.2; 
41.3 
63.6 
58.2 
45.6' 
43.5' 
44.0 
52.0 
70.8; 
58.9 
57.2 
37.9 
SEM .43 .68 .52 1.14 
Probabilities : 
Diet 
Inoculation 
Diet X Inoculation 
.001 
.050 
.004 
.001 
.001 
.098 
.011 
.028 
.001 
.001 
.001 
.198 
Corn-soy pair-fed 65.3 56.3 38.2 69.3 
Percent of the nutrient consumed that was not excreted in urine or 
feces. 
2 Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Means of four pens per treatment. 
Means within a column with different superscript letter differ 
(P<.05) on the basis of contrast between corn-soy Nonlnoc, Inoc, and 
pair-fed treatment groups. 
^Dosed per os with 1 ml SS-inoculum at 1 day of age. 
^Probabilities for the factorial portion of the experiment 
calculated on the basis of arc sine transformation of the percentage 
values. 
^Dosed per os with 1 ml tryptose phosphate broth and pair-fed to the 
corn-soy inoculated treatment. 
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the es and AP diets, respectively. Main effects of diet (P<.05) and 
inoculation (P<.01) on dry matter of the carcass were observed (Table 
14), but these effects were mainly the result of a marked diet by 
inoculation interaction (P<.01). Inoculation decreased carcass dry 
matter in CS-fed poults but had no effect on carcass dry matter of AP-fed 
poults. In contrast, Nonlnoc poults fed the CS diet had a higher 
percentage of dry matter in the carcass than Nonlnoc poults fed the AP 
diet. Gains in carcass dry matter, protein, and ash were affected by 
diet (P<.01), but no diet effect was seen on fat gain. Gains in carcass 
dry matter, protein, ash, and fat were less for Inoc poults, regardless 
of diet. There were diet by inoculation interaction effects (P<.01) on 
dry matter and protein gain due to a less severe impact of inoculation on 
AP-fed poults than on CS-fed poults. Inoculation decreased fat and ash 
gain similarly in poults fed the CS and AP diets. Inoc poults had less 
body fat at 5 days of age than at 2 days of age, and this was true 
irrespective of diet fed (i.e., 1.35 and 1.32 grams less fat in the 
carcass of CS and AP fed poults, respectively, at 5 days of age as 
compared with 2 days of age). 
To determine how much of the effect of inoculation on gain and feed 
efficiency in CS-fed poults was due to the decreased feed consumption 
that followed SS-inoculation, a CS Nonlnoc group, pair-fed to the feed 
consumption.of the CS Inoc treatment group, was included during the first 
period of this experiment (2 to 5 days of age). Pair-fed poults gained 
more (P<.05) than Inoc poults fed the CS diet but less (P<.05) than 
Nonlnoc poults given the same diet ad libitum (Table 11). Pair-fed 
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Table 14. Gain in body dry matter, protein, ash, and fat of Nonlnoc and 
Inoc poults fed the corn-soy or animal-protein diets. 
Experiment 2 
Gain^ (grams) 
Inocu­ Dry matter Dry 
Diet lation carcass, % matter Protein Ash Fat 
Corn-soy Nonlnoc^ 22.5*3'^ 4.59* 3.76® .36* .51* 
Corn-soy Inoc^ 19.7^ -1.40^ .02^ .07b -I.35C 
Animal-protein Nonlnoc 21.7 4.06 3.02 .66 .11 
Animal-protein Inoc 22.2 2.39 2.59 .45 -1.32 
SEM .16 .16 .11 .02 .06 
Probabilities^ : 
Diet .038 .001 .002 .001 .186 
Inoculation .006 .001 .001 .001 .001 
Diet x Inoculation .001 .001 .001 .298 .137 
Corn-soy pair-fed^ to
 
to
 cr
 
.36^ to
 
to
 cr
 
.10^ -.72^ 
^Gain on a dry matter basis. 
2 Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Means of four pens per treatment. 
4 
Means within a column with different superscript letter differ 
(P<.05) on the basis of contrasts between corn-soy Nonlnoc, Inoc, and 
pair-fed treatment groups. 
^Dosed per os with 1 ml SS-inoculum at 1 day of age. 
^Probabilities for the factorial portion of the experiment. 
Probabilities for value expressed in percentage units were calculated on 
the basis of arc sine transformation. 
^Dosed per os with 1 ml tryptose phosphate broth and pair-fed to the 
corn-soy inoculated treatment. 
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poults converted feed to gain as efficiently as Nonlnoc poults and more 
(P<.05) efficiently than Inoc poults fed the CS diet (Table 12). Dry 
matter retention was greater (P<.05) in pair-fed poults than in CS-fed 
Nonlnoc and Inoc poults (Table 13). Retention of protein and fat were 
similar in pair-fed poults and Nonlnoc poults, but ash retention was less 
(P<.05) in pair-fed poults. CS-fed Inoc poults retained less (P<.05) 
protein and fat and more (P<.05) ash than did pair—fed poults. The 
percentage dry matter in carcasses of pair-fed poults was intermediate 
between that of CS-fed Nonlnoc poults, which was higher (P<.05), and that 
of CS-fed Inoc poults, which was lower (P<.05) (Table 14). Pair-fed 
poults gained more (P<.05) dry matter and protein, lost less (P<.05) fat, 
and had ash gains similar to those of the CS-fed Inoc poults. In all 
instances, pair-fed poults gained less (P<.05) than CS-fed Nonlnoc 
poults. 
Experiment 3 
Five diets (CS, AP, SP, SPnoK, and CAN) and two levels of 
inoculation (Nonlnoc and Inoc) were tested in this experiment. Nonlnoc 
poults fed the CS diet weighed more at 13 days of age than AP-fed Nonlnoc 
poults (Table 15). Inoc poults weighed less (P<.01) than Nonlnoc poults, 
regardless of diet fed. Among Inoc poults, those fed the AP diet weighed 
more, resulting in a diet by inoculation interaction (P<.01). Body 
weight gain was affected (P<.05) by diet and inoculation throughout the 
13-day experiment (Table 15). Nonlnoc poults fed the CS diet exhibited 
better gains up to 9 days of age than Nonlnoc poults fed any of the other 
Table 15. Weight gain of Noninoc and Inoc poults fed different diets. Experiment 3 
Body weight gain, grams per poult 
Days of age 
1 to 5 5 to 9 9 to 13 
1 2 
Treatment Noninoc Inoc Noninoc Inoc Noninoc Inoc 
Diet 
Corn-soy 41.4 12,3 68.6 16.8 93.1 51.3 263.0 139.7 
Animal-protein 40.9 23.2 57.9 29.2 74.4 58.5 233.4 170.8 
Soy protein 34.2 16.2 49.8 12.5 76.5 29.7 220.3 117.8 
Soy protein no K 29.3 14.7 51.2 13.4 95.6 29.0 235.7 115.8 
Canola meal 37.1 13.9 50.2 10.5 68.5 34.2 215.8 118.6 
SEM .44 .63 2.46 2.40 
Probabilities: 
Diet .001 • 001 .048 .001 
Inoculation .001 .001 .001 .001 
Diet X Inoculation .001 .001 .043 .005 
Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
Means of four pens per treatment. 
Body weight 
at 13 days 
of age, grams 
Noninoc Inoc 
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diets. Inoculation decreased (P<.01) gain regardless of dietary 
treatment. There were diet by inoculation interaction effects (P<.05) on 
body weight gain in all periods (1 to 5, 5 to 9, and 9 to 13 days of 
age). These interaction effects were the result of a combination of a 
moderate adverse effect of inoculation on AP-fed poults and a very severe 
effect on CS-fed poults. 
Feed consumption (Table 16) was affected by diet (P<.01) and 
inoculation (P<.01). CS-fed Nonlnoc poults consumed more feed than 
Nonlnoc poults fed any of the other four diets throughout the 13-day 
experiment. Inoculation reduced feed consumption, irrespective of diet, 
but the effect of inoculation varied depending on dietary treatment. The 
most severe effect of inoculation on feed consumption between 1 and 9 
days of age was observed in CS-fed poults, and from 9 to 13 days of age 
the most affected poults were those fed the SPnoK diet. Thus, there were 
diet by inoculation interaction effects (P<.01) within each period. 
Feed efficiency (Table 17) was affected by diet (P<.05) and 
inoculation (P<.01) throughout the experiment. During the first 5 days, 
AP-fed Inoc poults converted feed to gain as efficiently as Nonlnoc 
poults fed the A? and CS diets, and more efficiently than Nonlnoc poults 
fed the CAN, SPnoK, and SP diets. Inoculation impaired feed conversion 
in poults fed the CS, SP, SPnoK, and CAN diets during the first period (1 
to 5 days of age) and thus, there was a diet by inoculation interaction 
(P<.01). During the second period of the experiment (5 to 9 days of 
age), inoculation impaired feed conversion (P<.01) regardless of dietary 
treatment, but this effect was less severe on AP-fed poults and this 
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Table 16. Feed consumption of Nonlnoc and Inoc poults fed different 
diets, Experiment 3 
Feed consumption, grams per poult 
Days of age 
1 to 5 5 to 9 9 to 13 
Inoculation Nonlnoc 1 Inoc^ Nonlnoc Inoc Nonlnoc Inoc 
Diet 
Corn-soy 42.7^ 22.5 91.0 47.9 137.8 84.7 
Animal-protein 38.4 22.6 78.5 59.9 109.7 94.4 
Soy-protein 36.0 23.1 69.2 45.9 109.8 71.6 
Soy protein no K 32.8 22.5 72.2 45.6 107.9 59.4 
Canola meal 38.8 20.4 70.9 40.9 100.8 64.2 
SEM .31 .48 1.24 
Probabilities; 
Diet .001 .001 .001 
Inoculation .001 .001 .001 
Diet X Inoculation .001 .001 .001 
^Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
2 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
Means of four pens per treatment. 
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Table 17. Feed conversion ratios for Noninoc and Inoc poults fed 
different diets, Experiment 3 
Feed to gain ratio 
Days of age 
1 to 5 5 to 9 9 to 13 
Inoculation Noninoc Inoc Noninoc Inoc Noninoc Inoc 
Diet 
Corn-soy 1.03 1 .86 1.33 3.01 1.48 1.65 
Animal-protein .94 .98 1.36 2.09 1.48 1.61 
Soy-protein 1.06 1 .42 1.39 3.79 1.45 2.45 
Soy protein no K 1.13 1 .54 1.41 3.55 1.29 2.07 
Canola meal 1.05 1 .47 1.41 3.96 1.49 1.88 
SEM .02 .07 .04 
Probabilities: 
Diet .001 .001 .049 
Inoculation .001 .001 .001 
Diet X Inoculation .001 .005 .050 
^Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
2 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
Means of four pens per treatment. 
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resulted in a diet by inoculation interaction (P<.01). From 9 to 13 days 
of age, inoculation again, impaired feed efficiency. In this last 
period, Inoc poults fed the CS and AP diets were less severely affected 
by inoculation than those fed the other diets, resulting in a diet by 
inoculation interaction (P<.05). 
Mortality for the whole experiment was 6.3, 4.2, 10.4, 12.5, and 
16.7% in Inoc poults fed the CS, AP, CAN, SP, and SPnoK diets, 
respectively. None of the deaths were related to ascites-type problems. 
No mortality was observed among Nonlnoc poults. 
Retention of nutrients measured from 1 to 5 days of age (Table 18) 
was affected by diet (P<.01) and inoculation (P<.01). Inoculated poults 
retained less of all nutrients measured than Nonlnoc poults, irrespective 
of diet. No diet by inoculation interaction effects were evident on dry 
matter, protein, and ash retention. Fat retention was most severely 
affected by inoculation in AP-fed poults and thus, there was a diet by 
inoculation interaction (P<.01). 
Dry matter content of the carcass at 1 day of age was 24.9%. 
Percentage dry matter of the carcass (Table 19) of 5-day-old Nonlnoc 
poults was lowest for poults fed the CAN diet, but among Inoc poults the 
lowest carcass dry matter percentage occurred with the soy protein-fed 
poults (SP and SPnoK diets). This resulted in a main effect of diet 
(P<.05) and in a diet by inoculation interaction (P<.05). Inoculation 
reduced (P<.01) percentage dry matter of the carcass, regardless of diet 
fed. 
Gain in carcass dry matter from 1 to 5 days of age was less (P<.01) 
Table 18. Retention of nutrients by Nonlnoc and Inoc poults fed different diets. Experiment 3 
Percent retention^ 
Dry matter Protein Ash Fat 
2 3 
Inoculation Nonlnoc Inoc Nonlnoc Inoc Nonlnoc Inoc Nonlnoc Inoc 
Diet 
Corn-soy 67.64 59.9 62.4 49.0 48.7 44.6 78.6 59.1 
Animal-protein 71.2 58.6 67.2 53.7 56.4 49.9 70.0 36.1 
Soy protein 72.2 62.6 70.0 58.4 55.4 51.9 83.2 62.6 
Soy protein no K 71.8 64.1 65.9 57.8 62.1 60.2 78.0 55.4 
Canola meal 72.4 62.7 67.7 53.1 61.4 59.1 77.8 59.7 
SEN .42 .63 .56 .76 
Probabilities^: 
Diet .006 .001 .001 .001 
Inoculation .001 .001 .003 .001 
Diet X Inoculation .564 .418 .746 .006 
Percent of the nutrient consumed that was not excreted in urine or feces. 
2 
Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
4 Means of four pens per treatment. 
^Probabilities calculated on the basis of arc sine transformation of the percentage values. 
Table 19. Gain in body dry matter, protein, ash, and fat of Nonlnoc and Inoc poults fed 
different diets. Experiment 3 
Inoculation 
Dry matter 
carcass, % 
Gain^ (grams) 
Dry matter Protein Ash Fat 
2 3 
Nonlnoc Inoc Nonlnoc Inoc Nonlnoc Inoc Nonlnoc Inoc Nonlnoc Inoc 
Diet 
Corn-soy 23.3^ 21.6 8.5 .8 6.0 1.7 .81 .26 .57 -1.76 
Animal-protein 22.3 21.0 7.3 2.6 5.2 2.9 .87 .56 .38 -1.83 
Soy protein 23.0 20.7 7.3 1.4 5.3 2.0 .66 .30 .58 -1.93 
Soy protein no K 23.3 20.7 6.4 .5 4.8 1.5 .50 .22 .24 -1.64 
Canola meal 21.7 21.0 6.3 .7 5.1 1.3 .73 .26 -.13 -1.39 
SEM .09 .12 o
 
00
 
.01 .07 
Probabilities^; 
Diet .021 .002 .003 .001 .949 
Inoculation .001 .001 .001 .001 .001 
Diet X Inoculation .040 .009 .004 .067 .074 
Gain on a dry matter basis. 
2 Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
Means of three pens per treatment. 
^Probabilities for value expressed in percentage units were calculated using arc sine 
transformation. 
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in Inoc poults as compared with Nonlnoc poults (Table 19). A diet 
(P<.01) effect was evident on dry matter gain and this was mainly the 
result of greater gains in CS-fed Nonlnoc poults than in Nonlnoc poults 
fed any of the other diets. On the other hand, among Inoc poults, AP-fed 
poults gained more carcass dry matter. The different effect of diet on 
dry matter gain in Nonlnoc and Inoc poults resulted in a diet by 
inoculation interaction (P<.01). Similar patterns of effects, as those 
seen on dry matter gain, were observed on protein gain (main effect of 
diet (P<.01) and inoculation (P<.01) and a diet by inoculation 
interaction (P<.01)). Among Nonlnoc poults, CS-fed poults had greater 
protein gain, while among Inoc poults, AP-fed poults had greater protein 
gain. There was an effect of inoculation (P<.01) on ash gain, whereby 
Nonlnoc poults gained more ash than Inoc poults. Among Nonlnoc poults, 
ash gain was greatest for those fed the CS and AP diets and among Inoc 
poults those fed the AP diet had greatest ash gain, resulting in a diet 
effect (P<.01). Inoc poults lost body fat between 1 and 5 days of age 
while Nonlnoc poults deposited body fat, with the exception of poults fed 
the CAN diet. Yet, no effect of diet or interaction was detected on fat 
gain. 
Retention of nutrients measured from 1 to 5 days of age (Table 18) 
was affected by diet (P<.01) and inoculation (P<.OI). Inoculated poults 
retained less of all nutrients measured than Nonlnoc poults, irrespective 
of diet. No diet by inoculation interaction effects were evident on dry 
matter, protein, and ash retention. Fat retention was most severely 
affected by inoculation in AP-fed poults and thus, there was a diet by 
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inoculation interaction (P<.01). 
On the basis of nutrient retention data (nutrient consumed not 
excreted in the urine or feces) and body dry matter, protein, and ash 
gain data, values were calculated to determine the percentages of the 
nutrients retained that were deposited in the body (Table 20). Nonlnoc 
poults fed the CS diet deposited more of the dry matter they retained 
than Nonlnoc poults fed other diets. Although all Inoc poults deposited 
a lesser proportion of the dry matter they consumed than Nonlnoc poults 
(P<.01), Inoc poults fed the AP diet were less affected than Inoc poults 
fed the other four diets. Thus, there were effects of diet (P<.01) and 
diet by inoculation interaction (P<.01) on the proportion of the dry 
matter retained that was deposited in the body. Similar patterns were 
seen for protein. The percent of the ash retained that was deposited was 
affected by diet (P<.01) and inoculation (P<.05). Nonlnoc poults fed the 
CAN diet deposited proportionately less of the ash they retained than 
Nonlnoc poults fed the other diets. Inoc poults deposited 
proportionately less ash than Nonlnoc poults, except for AP-fed Inoc 
poults. In this instance, AP-fed poults deposited more than their 
Nonlnoc counterparts. Despite this, no significant diet by inoculation 
interaction was detected. 
The distal jejunum was examined by using SEM. From a tropical view 
(Figure 1), the villi of CS-fed Inoc poults were seemingly parasitized as 
evidenced by the microorganisms attached to the surface of the villi. 
Villi of CS-fed Nonlnoc poults seemed to be devoid of these organisms. 
In AP-fed poults (Figure 2), the same appearing organism was seen on the 
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Table 20. Percentage of the retained nutrients deposited in body tissues 
in Nonlnoc and Inoc poults fed different diets, Experiment 3 
Inoculation^ 
Percent : of the nutrient retained deposited^ 
Dry matter Protein Ash 
Nonlnoc 2 3 Inoc Nonlnoc Inoc Nonlnoc Inoc 
Diet 
Corn-soy 32.5^ 6.4 81.8 56.1 52.5 35.7 
Animal-protein 29.8 20.6 70.7 72.8 49.6 61.2 
Soy-protein 29.6 10.3 70.7 63.4 50.3 36.9 
Soy protein no K 27.4 3.4 68.9 40.8 41.5 30.4 
Canola meal 25.3 6.3 71.3 42.2 32.1 22.0 
SEM .51 1 .77 1.59 
Probabilities^: 
Diet .001 .027 .001 
Inoculation .001 .001 .026 
Diet X Inoculation .001 .036 .077 
Percent of the nutrient retained that was deposited as body tissue 
(i.e., calculated as follows; (grams of the nutrient (dry matter basis) 
gained/grams (dry matter basis) of the nutrient in the diet not excreted 
in the urine or feces) x 100). 
2 Dosed per os with 1 ml tryptose phosphate broth at 1 day of age. 
3 
Dosed per os with 1 ml SS-inoculum at 1 day of age. 
4 
Means of these pens per treatment. 
^Probabilities calculated on the basis of arc sine transformations 
of the percentage values. 
130 
Figure 1. Scanning electron micrographs of villi in the jejunal mucosa 
of 9-day-old CS-fed Nonlnoc (A, magnification equals 302X, bar 
equals 100 urn) and Inoc (B, magnification equal to 247X, bar 
equals 100 urn) poults 
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Figure 2. Scanning electron micrographs of villi in the jejunal mucosa 
of 9-day-old AP-fed Nonlnoc (A, magnification equals 31IX, bar 
equals 100 um) and Inoc (B, magnification equals 302X, bar 
equals 100 um) poults 
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villi of Inoc poults, but the number of organisms was much less than seen 
on villi of CS-fed Inoc poults. None of these organisms were seen on 
villi of AP-fed Nonlnoc poults. The most abundant organisms observed in 
Inoc poults were long filamentous organisms that in some instances had 
branching points, and they seemed to have one end imbedded in villi 
surfaces (Figure 3). TEM showed that these organisms were multicellular 
and were clearly anchored into the enterocytes (Figure 4). Microvilli 
displacement and destruction were evident at the attachment sites. 
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Figure 3. Scanning electron micrograph showing a long segmented 
filamentous organism (arrow A) penetrating into the microvilli 
(arrow B) in the jejunal mucosa of 9-day-old poults fed the 
CS diet. Magnification equals 7250X, bar equals 5 um 
Figure 4. Transmission electron micrograph showing a long segmented 
filamentous organism anchored into an enterocyte. 
Magnification equals 23,200X, bar equals 1 um 
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DISCUSSION 
Experiment 1 
The effects of SS inoculation on weight gain, feed consumption, and 
feed efficiency of CS-fed poults were similar to those observed in 
previous experiments (Angel et al., unpublished data). Severe growth 
depression, moderate depression in feed consumption, and impaired feed 
efficiency of the CS-fed Inoc poults, up to 8 days of age, are consistent 
with observations made with SS-affected chicks (Bracewell and Randall, 
1984; Griffiths and Williams, 1985; Rudas et al., 1986). These effects 
of SS-inoculation were eliminated by feeding the AP diet, except during 
the first period (1 to 3 days of age). Even though during the first 
period the effects of SS inoculation on growth and feed consumption were 
present in AP-fed poults, these effects were less severe than those seen 
for CS-fed poults. Despite the similar performance in Nonlnoc and Inoc 
poults fed the AP diet, retentions of dry matter, protein, and fat from 4 
to 5 days of age were lower in Inoc poults. Conversely, retention of 
nutrients by Inoc poults fed the CS diet was similar to that of Nonlnoc 
poults fed the same diet, even though their performance was severely 
impaired. 
The high mortality observed between 8 an 13 days of age in AP-fed 
Inoc poults was associated with the development of ascites-type problems 
(fluid accumulation in the abdominal cavity). The higher sodium (.24%) 
in the AP diet as compared with that of the CS diet (.12%) may have been 
a contributing factor in the incidence of ascites in AP-fed poults and 
136 
not in CS-fed poults. High sodium in the water or feed has been 
implicated in exacerbating ascites-type problems (Pang et al., 1980). 
The effect of SS inoculation on full small-intestinal weight at 5 
days of age in poults fed the CS and AP diets was similar and consistent 
with previous experimental findings (Angel et al., unpublished data) and 
with field observations where SS-affected chicks have distended abdomens 
due to dilated intestines (Bracewell and Randall, 1984). Weight per 
length of empty small-intestinal segments (duodenum, jejunum, and ileum) 
were similar in CS-fed Nonlnoc and Inoc poults, but AP-fed Inoc poults 
tended to have heavier weights per length of duodenum and ileum than AP-
fed Nonlnoc poults. These results are in contrast with previous findings 
(Angel et al., unpublished data) where Inoc poults fed a corn-soy diet 
had thinner jejunal and ileal walls than their Nonlnoc counterparts. 
Other researchers (Kouwenhoven et al., 1978; Vertommen et al., 1980) have 
also reported thinner intestinal walls in experimentally SS-infected 
chicks. 
As observed previously (Angel et al., unpublished data), the 
activities of the membrane-bound disaccharidases were less in the jejunum 
and ileum of 5-day-old Inoc poults than in Nonlnoc poults. In work done 
with experimentally infected broiler chicks, Salyi and Szabo (1985) 
showed that maltase activity was lower in the small intestinal mucosa of 
SS-affected chicks as compared with noninfected controls. In the current 
research, activities of disaccharidases were similarly depressed in Inoc 
poults fed either diet. Even though disaccharidase activity was 
considerably lower in Inoc versus Nonlnoc poults fed the AP diet, growth 
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and feed efficiency were similar in both groups. This suggests that the 
lower activities of sucrase and maltase observed in AP-fed Inoc poults 
were not having an adverse effect on performance per se. Yet, if 
disaccharidase activities are representative of activities of other 
intestinal membrane-bound digestive enzymes, the adverse effect of 
inoculation on enzyme activities could have resulted in reduced 
digestibility of diets and impaired retention of nutrients. 
Experiment 2 
The effects of SS inoculation on weight gain, feed consumption, and 
feed efficiency were much more severe in Experiment 2 than in Experiment 
1, regardless of diet. The growth depression (calculated as: 100 -
(weight gain Inoc poults/weight gain Nonlnoc poults)*100) through 5 days 
of age brought about by SS inoculation in Experiment 1 was 54.2 and 12.4% 
for poults fed the CS and AP diets, respectively. In Experiment 2, the 
growth depression from 2 to 5 days of age due to SS inoculation was 90.3 
and 59.6% for poults fed the CS and AP diets, respectively. It is not 
clear why the SS inoculum was more potent in Experiment 2 than in Experi­
ment 1. Possibly, because of repeated passages through poults during 
preceding experiments, the inoculum had become more pathogenic 
(Kouwenhoven et al., 1986), or perhaps the causative agents had become 
more concentrated in the homogenate. The original inoculum had been 
prepared from full gastrointestinal tracts obtained from a commercial 
flock of poults diagnosed with SS. In subsequent experiments, full 
gastrointestinal tracts from 8-day-old SS inoculated poults from the 
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previous experiment were used. By the time the first experiment 
described in this paper (Experiment 1) was done, the inoculum had gone 
through five passages and for Experiment 2 the inoculum had gone through 
an additional four passages (a total of nine passages). Despite the more 
severe effect of SS inoculation in this experiment, AP-fed Inoc poults 
gained more and utilized feed more efficiently than CS-fed Inoc poults. 
The detrimental effects of inoculation on performance had been overcome 
when the AP diet was fed in Experiment 1, but given the severity of the 
SS inoculation in Experiment 2, these detrimental effects were only 
partially alleviated by feeding the AP diet in Experiment 2. 
Mortality in CS-fed Inoc poults was higher than in AP-fed Inoc 
poults. No ascites-type problems were observed in any of the poults in 
this experiment. Upon necropsy, the dead poults were emaciated, having 
no visible fat and practically no muscle mass. The intestines appeared 
pale and full of gas but no other pathological signs were observed. 
Mortality occurred mainly between 5 and 12 days of age, which agrees with 
reports of field outbreaks of SS. Bracewell and Randall (1984) reported 
that a higher than normal mortality occurred during the second week after 
hatch in broiler flocks affected with SS. 
Protein and fat retention were lower in Inoc versus Nonlnoc poults 
fed the CS diet, whereas in Experiment 1 CS-fed Inoc poults retained as 
much protein and fat as their Nonlnoc counterparts. This probably was 
the result of the more severe effect of inoculation in Experiment 2. In 
contrast, AP-fed Inoc poults retained less dry matter, protein, and fat 
than their Nonlnoc counterparts, which agrees with observations of 
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Experiment 1. Ash retention was higher in Inoc poults as compared with 
Nonlnoc poults fed the AP diet. Again, as had been observed in Experi­
ment 1, AP-fed Inoc poults had lower nutrient retentions (dry matter, 
protein, and ash) than CS-fed Inoc poults, yet the AP-fed poults ex­
hibited better gain and feed conversion than CS-fed poults. These re­
sults differ from those obtained by other researchers. In work done 
using broiler chicks obtained from field outbreaks of SS, Lilburn et al. 
(1982) and Nelson et al. (1982) found lipid retention to be less in SS-
affected chicks as compared to unaffected controls. Nelson (1982) 
also found that SS-affected chicks digested less dry matter than controls. 
The data obtained for gains of dry matter, protein, ash, and fat in 
Inoc poults, again show how severe the effect of SS inoculation was in 
Experiment 2. It is important to note that dry matter gain measured from 
2 to 5 days of age is the reflection not only of body weight gain but of 
the change in body composition. Carcass dry matter was higher at 2 days 
of age than at 5 days of age, irrespective of treatment. Thus, a portion 
of the weight gain was due to an increased water content in the body. 
The magnitude (small) of the accretion of carcass dry matter in Nonlnoc 
poults and the loss of carcass dry matter in CS-fed Inoc poults despite 
gains in body weight, reflect the higher water content in the carcass at 
5 days of age. Inoc poults fed the AP diet deposited more dry matter, 
protein, and ash than Inoc poults fed the CS diet, but Inoc poults fed 
either diet lost similar amounts of body fat. CS-fed Inoc poults 
actually lost body dry matter, mainly because their protein and ash gains 
were very low (.02 and .07 grams, respectively) and their loss of body 
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fat was relatively high (1.35 grams). These data suggest that AP-fed 
Inoc poults were able, in part, to utilize energy for protein and ash 
deposition while CS-fed Inoc poults were unable to deposit dry matter 
components to any great extent. It seems that the CS-fed poults were 
using body energy reserves and whatever energy they could derive from the 
diet just to stay alive and were unable to use it for a net gain of 
protein and ash. SS inoculation seems to be affecting energy metabolism, 
i.e., increasing energy needs probably as a response to the disease 
state. This effect on energy status was overcome, at least partially, 
when the AP diet was fed. 
What the factor or factors are in the AP diet that helped Inoc 
poults overcome some of the adverse effects of SS inoculation cannot 
be elucidated from this research. Numerous differences in ingredient 
composition and concentration of nutrients existed between these two 
diets, and one or several of these factors may have been responsible 
for the beneficial effects of feeding the AP diet to inoculated poults. 
One major difference between these two diets was the high level (52.9%) 
of soybean meal in the CS diet and the absence of this ingredient in the 
AP diet. Soybeans contain antinutritional factors (i.e., trypsin 
inhibitors, lectins) that, although heat labile (Liener, 1981), may 
be present in soybean meal in residual amounts and may cause digestive, 
absorptive, and metabolic disturbances (Jaffé, 1980; Liener, 1981). 
Soybean meal also contains appreciable amounts of raffinose and 
stachyose (6 to 7%) (Kawamura et al., 1968) which escape digestion and 
cannot be absorbed through the intestinal wall (Rackis, 1975). These 
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water soluble oligosaccharides increase the osmotic pressure in the 
intestinal lumen and may affect digestion and absorption of other 
nutrients (Wiggins, 1984). This effect may be specially important in 
young turkeys because for a few days after hatch poults have an immature 
digestive tract (Moran, 1985), low levels of pancreatic enzymes (Krogdahl 
and Sell, 1989), low activities of some of the membrane-bound 
disaccharidases (Sell et al., 1989), and are in a metabolic transition 
state (Entenman et al., 1940; Best, 1966). Instead of soybean meal, fish 
meal and meat and bone meal were the main sources of protein in the ÀP 
diet. Fish meal has been shown to contain unidentified growth factors 
that increase weight gain in turkeys (Potter and Shelton, 1976; Potter et 
al., 1980). How these two ingredients (soybean meal and fish meal) 
influence the poult's response to SS inoculation, and whether these 
ingredients are factors in the response to SS observed in these 
experiments cannot be determined from the research presented here. 
There were other differences between the CS and AP diet that may 
have contributed to the response of the poults. Fiber content in the AP 
diet was much higher (contributed mainly by the sunflower meal) than in 
the CS diet. Fiber content in the diet may influence abrasiveness of a 
diet, thereby influencing enterocyte turnover rates. Fiber also affects 
the rate of passage of digesta through the gastrointestinal tract, which 
in turn, influences digestive and absorptive processes (Moran, 1982). 
Another difference between the two diets was that sodium was higher and 
potassium lower in the AP diet as compared with the CS diet. Sodium and 
potassium are involved via the Na , K pump in the active transport of 
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many nutrients (Wilson, 1978; Rose, 1980). Niacin concentrations were 
also markedly different in these two diets. Both the CS and AP diets 
contained niacin in excess of the levels recommended by the National 
Research Council (NRC, 1984), but the AP diet contained about two times 
more than the CS diet. Some of the niacin deficiency signs in turkeys, 
such as enlargement of the tibiotarsal joint, bow legs, and poor 
feathering (Scott et al., 1982) are similar to some of the problems 
reported in SS-affected chicks (Vertommen al., 1980) and in SS-
affected turkeys (Angel et al., unpublished data). It is possible that 
in SS, niacin absorption is impaired and(or) there is an increased need 
for niacin in metabolic processes due to the disease state, resulting in 
a higher requirement for niacin. Results from these experiments suggest 
that SS may be altering metabolism and, if this is so, niacin, through 
its involvement in metabolic processes as a constituent of NAD and NADP, 
may play a role. Given the numerous differences between the AP and CS 
diets, it is not possible to determine what factor or factors are 
responsible for the favorable effects observed from feeding the AP diet 
to SS inoculated poults. 
In Experiment 2, an additional treatment was included (pair-fed) to 
determine the proportion of growth depression caused by the SS inoculum 
that was related to decreased feed consumption per se. In Experiment 1, 
inoculation had a negligible effect on feed consumption in AP-fed poults 
and thus, the pair-fed treatment was included in Experiment 2 only for 
poults fed the CS diet. Data obtained showed that the decrease in feed 
consumption caused by SS inoculation in CS-fed poults accounted for 72% 
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of the growth depression associated with the syndrome. As described 
previously, the effects of the SS-inoculum were much more severe in 
Experiment 2 than in Experiment 1. CS-fed Inoc poults consumed 75 and 
47% as much as Nonlnoc poults in Experiment 1 and 2, respectively. 
Given the magnitude of the effect of inoculation on feed consumption 
in Experiment 2, pair-fed poults were severely restricted in the feed 
they were allowed to consume and thus, the effect on growth was greater 
than had been observed previously in a pair-feeding trial. In a 
previous experiment (Angel et al., unpublished data) where the effect 
of inoculation has been less severe, the reduction in feed consumption 
had accounted for only 54% of the reduced growth observed in CS-fed Inoc 
poults. 
Despite the restriction in feed consumption imposed on the pair-
fed poults, they converted feed to gain as efficiently as Nonlnoc 
poults. They also retained more of the dry matter consumed than did 
Nonlnoc and Inoc poults. A reduction in feed consumption alters not 
only the rate of passage of digesta through the intestinal tract, 
thereby affecting digestion and absorption (Moran, 1982), but also 
results in reduced maintenance requirements (Mitchell, 1962). It is 
evident that pair-fed poults performed better than Inoc poults 
consuming equal amounts of the same feed. Thus, a portion of the 
growth depressing effects of SS was not related to a reduction in feed 
consumption. 
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Experiment 3 
In this experiment, five diets were tested. Two of the diets were 
the same as those tested in Experiments 1 and 2 (CS and AP). The other 
three diets were used to determine whether certain differences between 
the CS and AP diets were responsible for the modulating effect of the 
latter in SS. The canola meal (CAN) diet contained no soybean meal or 
fish meal, a similar level of fiber as the AP diet, and sodium and 
potassium concentrations similar to those in the CS diet. The two soy 
protein diets contained no soybean meal or fish meal and a high level of 
fiber. In one soy protein diet, potassium was added (SP diet) such that 
the potassium concentration was similar to that in the CS diet. In the 
other soy protein diet, no potassium was added (SPnoK diet) so the 
potassium concentration was similar to that in the AP diet. The CAN diet 
was used to determine if the beneficial effect of the AP diet could be 
attributed to the absence of soybean meal from the diet. The SPnoK diet 
was used to determine if the low K level of the AP diet was a 
contributing factor in producing the beneficial effects observed. The SP 
diet was used to determine if the inclusion of soy protein instead of 
soybean meal in the diet could alleviate the effects of SS inoculation. 
Certain characteristics of soy protein seemingly would make it a more 
desirable protein source for young turkeys that are affected with an 
enteric disorder. Isolated soy protein is devoid of polysaccharides, 
raffinose, stachyose, sucrose, and some of the soluble proteins (Smith 
and Circle, 1978). Removal of the oligosaccharide fraction may reduce 
some of the deleterious effects of soybean meal for young poults by 
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reducing the osmotic load in the gut lumen created by these undigested 
soluble sugars. Sucrose may also be contributing to the osmotic load 
since sucrase activity is low in the young turkey (Sell et al., 1989) 
and, therefore, some of the sucrose in soybean meal may remain 
undigested. Some of the antlnutrltional factors in soybeans are also 
absent from soy protein isolates (Liener, 1962). 
The results of this experiment confirm what had been observed in 
Experiments 1 and 2. As in Experiment 2, the effects of inoculation were 
more severe than in Experiment 1, yet AP-fed Inoc poults gained more 
weight, consumed more feed, and converted feed to gain more efficiently 
than CS-fed Inoc poults. Even though feeding the AP diet to inoculated 
poults resulted in improved growth and feed efficiency as compared to 
Inoc poults fed any of the other diets, feeding the AP diet did not 
completely overcome the detrimental effects of SS inoculation. There 
were no beneficial effects of feeding the CAN, SP, and SPnoK diets to SS 
inoculated chicks. 
In contrast to the growth data, Inoc poults fed the CAN, SP, and 
SPnoK diets retained proportionately more of the dry matter consumed from 
1 to 5 days of age than did Inoc poults fed the CS or AP diets, even 
though they exhibited poorer growth than AP-fed Inoc poults. This 
greater retention of dry matter in Inoc poults fed the CAN, SP, and SPnoK 
diets was reflected in part in their feed efficiency from 1 to 5 days of 
age, which was better than that of CS-fed poults. Despite the relatively 
low percentage dry matter retention of AP-fed Inoc poults, these poults 
gained more weight than the other Inoc poults and converted feed to gain 
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as efficiently as Nonlnoc poults. Thus, the beneficial effects observed 
when the AP diet was fed to inoculated poults were not related to an 
effect on nutrient retention. 
SS inoculation had its greatest impact on fat retention, regardless 
of diet fed. This agrees with observations made by Lilburn et al. (1982) 
and Nelson et al. (1982) with broiler chicks from SS field cases. 
Whether the impairment in fat retention was due to a problem in 
digestion, absorption, or both was not elucidated by these researchers 
(Lilburn et al., 1982; Nelson et al., 1982) and cannot be determined from 
the research reported here. 
Mortality was highest among Inoc poults fed the CAN, SP, and SPnoK 
diets and lowest among Inoc poults fed the AP diet. As in Experiment 2, 
the poults that died were emaciated and no signs of ascites were 
observed. 
The percentage dry matter of the carcass decreased from 1 to 5 days 
of age, irrespective of treatment. Poults sampled at 1 day of age had 
been without water or feed for at least 24 h, probably resulting in 
dehydration. Thus, the higher percentage of dry matter in the carcass at 
1 day of age may have been due to dehydration. Carcass dry matter gains 
from 1 to 5 days of age reflect this change in percentage body water. 
Gain in carcass dry matter was much lower than would have been expected 
if the percentage carcass water had been similar at 1 and 5 days of age. 
SS inoculation decreased the dry matter of the carcass. This, 
together with the lower body weight gains of Inoc poults, resulted in 
lower dry matter gains. Even though these poults deposited ash, the main 
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component of the gain was protein. Inoc poults lost body fat during the 
first 4 days after inoculation. Part of the loss in body fat was 
probably due to the utilization of residual yolk which would have been 
present at 1 day of age, but which should have been completely utilized 
by 5 days of age. Yet, a large proportion of the loss in body fat must 
have been due to the disease itself since Nonlnoc poults deposited fat 
during this period. As in the previous two experiments, AP-fed Inoc 
poults gained more carcass dry matter than CS-fed Inoc poults. These 
poults also gained more dry matter than Inoc poults fed the CAN, SP, and 
SPnoK diets. The higher dry matter gain in Inoc poults fed the AP diet 
was a reflection of greater protein and ash deposition since similar 
losses in body fat were observed among all Inoc poults. There was a 
small beneficial effect of feeding the SP diet to Inoc poults. These 
poults deposited more dry matter and protein than Inoc poults fed the CS, 
CAN, and SPnoK diets, but not as much as those fed the AP diet. From 
weight gain and feed efficiency data, it appears that this beneficial 
effect was transient. After 5 days of age, SP-fed Inoc poults gained 
less and converted feed to gain less efficiently than CS-fed Inoc poults. 
When retention and body composition data were used to determine the 
proportion of the dry matter retained that was converted into gain in 
carcass dry matter, the advantage of feeding the AP diet to SS inoculated 
poults was further emphasized. Inoc poults fed the AP diet converted 
more of the dry matter they retained into body tissue than did CS-fed 
poults. This suggests that AP-fed poults were more efficient 
metabolically. 
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In Inoc poults the jejunal mucosa was seemingly heavily-parasitized, 
especially in CS-fed Inoc poults, by microorganisms that were long and 
filamentous and that were anchored into the enterocytes. These 
microorganisms (observed by using SEM and TEM) are similar to those 
described and named by Goodwin et al. (1989) as long segmented 
filamentous organisms (LSFOs). In a field survey, these researchers 
found that the most common clinical signs associated with LSFO infection 
were diarrhea, huddling, and stunting. These organisms were found mainly 
in the jejunum and ileum of birds 3 wk old or younger. The taxonomic 
identification of LSFOs is not known. 
From the survey work done by Goodwin et al. (1989), it is not 
possible to establish a cause and effect relationship between LSFOs and 
gastrointestinal disease even though they found LSFOs only in birds 
exhibiting enteric disorders. In the work presented here, it is clear 
that LSFOs were present only in Inoc poults, but whether these organisms 
were the main causative agent in SS or not and what role they played in 
the etiology of this disease cannot be established. Research is being 
done to isolate and culture this microorganism, with the objective of 
inoculating poults with the isolated LSFOs to determine if this 
microorganism can elicit SS disease signs. 
On the basis of the results of the three experiments presented here, 
it is clear that nutritional manipulations can change the course and 
severity of SS. Poults fed the AP diet were not so severely affected by 
the experimentally induced SS as were those fed the CS diet. The degree 
to which Inoc poults fed the AP diet were able to overcome the adverse 
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effects of SS inoculation was related to the severity of the disease. 
The mechanism(s) whereby the AP diet exerted its beneficial effect 
cannot be clearly established, though some conclusions can be drawn. 
Inoc poults fed the AP diet were able to deposit body tissue to a greater 
extent than Inoc poults fed other diets. This greater accrual of body 
tissues was not the result of a greater retention of the nutrients 
consumed and thus, it seems that AP-fed poults utilized nutrients for 
tissue growth more efficiently after absorption than did poults fed other 
diets. This points to a possible metabolic alteration brought about by 
SS that AP-fed poults were able, at least in part, to overcome. The 
nature of these metabolic alterations is not yet clear. The experimental 
data indicate that a large proportion of the energy consumed by SS-
affected poults was used for purposes other than tissue deposition. 
The factor or factors in the AP diet responsible for the beneficial 
effects observed are not known. The absence of soybean meal from this 
diet does not seem to be important since the CAN diet, which did not 
contain soybean meal, did not alleviate the effects of SS inoculation. 
It seems that the high sodium and low potassium concentrations in the AP 
diet were not responsible either, because feeding the SPnoK diet (similar 
sodium and potassium concentrations, on a calculated basis, to those in 
the AP diet) to Inoc poults did not alleviate the effects of SS. Fiber 
content of the diet was not related to severity of the disease. The CAN, 
SP, and SPnoK diets had fiber levels that were similar to the AP diet, 
but Inoc poults fed these diets exhibited none of the improvements 
observed in Inoc poults fed the AP diet. Also, removal of 
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polysaccharides, soluble sugars, and some of the antinutritional factors 
in soybean meal (i.e., use of soy protein isolate instead of soybean 
meal) did not reduce the deleterious effects of SS inoculation. 
Further research is needed to determine what the factor or factors 
are in the AP diet that are enabling SS-affected poults to overcome, 
completely or in part, some of the effects of this disease. Research 
also is needed to clearly identify the mechanisms whereby SS is altering 
metabolism and to what extent this metabolic alteration is responsible 
for the overt signs (growth depression and poor feed efficiency) seen in 
SS-affected poults. Characterization and identification of the long 
segmented organisms observed in intestines of SS-affected poults and 
determination of their involvement in the disease deserves attention. 
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GENERAL SUMMARY 
The objectives of the research presented in this dissertation were 
to experimentally induce stunting syndrome (SS) in turkeys, to document 
selected physical and physiological change associated with the induced 
SS, and to determine if dietary changes could influence the course and 
incidence of SS. 
To determine if SS could be induced in turkeys, 1-day-old turkeys 
were dosed per os with 1 ml of either tryptose phosphate broth (TPB) 
(Nonlnoc) or SS-inoculum (Inoc). Initially, the SS-inoculum was prepared 
by homogenizing intestines obtained from 11-day-old commercial poults 
diagnosed to have SS in TPB (1 weight of intestine to .5 weight of TPB). 
In subsequent experiments, intestines from 8-day-old poults inoculated in 
a previous experiment were used. 
Initially, Nonlnoc and Inoc poults were housed in the same room, in 
electrically heated battery brooders. This proved to be impractical 
because contamination of Nonlnoc poults with the SS infective agent(s) 
seemed to be occurring at some point during the experiment. In 
subsequent experiments, Nonlnoc and Inoc poults were housed in battery 
brooders located in separate rooms. Care was taken to maintain similar 
environmental conditions and to follow similar management practices in 
the separate rooms. 
Inoculation of 1-day-old poults with the SS-inoculum induced SS, as 
judged by severe depression in growth, a moderate reduction in feed 
consumption, and an impairment in feed efficiency as compared with 
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Nonlnoc poults. In three successive experiments, gain of Inoc poults was 
60.9, 58.8 and 52.6% that of Nonlnoc poults, whereas feed consumption was 
75.3, 77.5, and 69.6% that of Nonlnoc poults from I to 8 days of age. 
The different magnitudes of effects of inoculation on gain and feed 
consumption resulted in a severe impairment in feed efficiency. The most 
severe effects of SS inoculation were observed during the first 7 days 
after inoculation. After 8 days of age, gain and feed consumption were 
depressed to a similar extent by SS inoculation and thus, no effect on 
feed efficiency was seen. Mortality in Inoc poults was higher than in 
Nonlnoc poults between 8 and 13 days of age. Inoc poults exhibited a 
high incidence of leg problems (enlarged hocks and bow legs) starting at 
18 days of age. 
The effects of SS inoculation on growth and feed efficiency were 
only partially due to the reduced feed consumption associated with this 
syndrome. Nonlnoc poults pair-fed to the feed consumption of Inoc poults 
grew more rapidly than Inoc poults. The reduced consumption accounted 
for 54% of the growth depression observed in Inoc poults. Thus, 46% of 
the growth depression must have been due to other effects of the disease. 
In order to determine if the effects observed as a result of SS 
inoculation were caused by the SS-inoculum per se or were the result of 
dosing with an intestinal suspension, poults were dosed with a suspension 
prepared from Intestines obtained from healthy 4-week-old poults. These 
poults exhibited similar gain and feed efficiency as Nonlnoc poults. 
Thus, the changes caused by SS inoculation were due to an agent(s) in 
present in the intestines from SS-affected poults and that was not 
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present in the intestines from healthy poults. 
Retention of nutrients was slightly lower from 8 to 9 days of age in 
Inoc poults as compared with Nonlnoc poults. The magnitude of this 
depression (i.e., 4, 8, 4, and 5% depression in the retention of dry 
matter, protein, fat, and ash, respectively, in Inoc poults versus 
Nonlnoc poults) was much less than that observed for growth (53%). This 
suggests that mechanisms beyond digestion and(or) absorption were 
involved in the growth-depressing effect of the experimentally induced 
SS. 
Changes were observed in the small intestine (SI) of Inoc poults 
between 5 and 21 days of age. The full Sis of Inoc poults were 
proportionately heavier (expressed as percentage of body weight) than 
those of Nonlnoc poults. Empty weight per length of the jejunum and 
ileum, however, was less in Inoc poults, and no effect of inoculation on 
weight per length was observed in the duodenum. 
Examination of the distal jejunum of 9-day-old Nonlnoc and Inoc 
poults by using scanning electron microscopy showed that the intestinal 
wall in Inoc poults was thinner and had smaller villi and proportionately 
deeper crypts as compared with Nonlnoc poults. The villi tips of Inoc 
poults had extensive erosion zones and the microvilli were in disarray 
and appeared to be fused in many instances. Nonlnoc poults exhibited 
normal extrusion zones on their villi tips and the microvilli were evenly 
distributed with no fusion evident. 
Concomitant with the changes observed in the intestinal mucosa of 
Inoc poults was a decrease in the activity of the intestinal membrane-
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bound disaccharidases (sucrase and maltase) in the jejunum and ileum. 
These lower disaccharidase activities in Inoc poults as compared with 
Nonlnoc poults were evident from 5 to 21 days of age. 
Liver vitamin E concentrations and plasma uric acid levels were 
similar in Inoc and Nonlnoc poults. No differences between Nonlnoc and 
Inoc poults were observed in the activities of the pancreatic enzymes, 
trypsin, amylase, and lipase. Also, plasma amylase activity was similar 
in Nonlnoc and Inoc poults, indicating that SS caused no damage to the 
exocrine pancreas. Thus, the small decrease in nutrient retention 
observed in Inoc poults was probably the result of the changes that 
occurred in the small intestine, specifically in the jejunum and ileum. 
Once it had been determined that SS could be experimentally induced 
in poults and selected physical and physiological changes associated with 
the induced disease had been documented, it was of interest to determine 
if diet changes could alleviate SS disease signs. Feeding a diet that 
contained fish meal and meat and bone meal as the main protein sources 
(AP diet) to Inoc poults alleviated, completely or in part, the effects 
of SS on performance traits that were observed in Inoc poults fed a 
practical corn-soy (CS) diet. The degree to which AP-fed poults were 
able to overcome the adverse effects of SS inoculation was related to the 
severity of the disease. Inoc poults fed diets containing other major 
protein sources (i.e., canola meal (CAN diet) and soy protein (SP and 
SPnoK diets)) were as severely affected by SS inoculation as CS-fed Inoc 
poults. Inoc poults fed the AP diet gained more weight and converted 
feed more efficiently than Inoc poults fed the other diets, despite 
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exhibiting the lowest retentions of dry matter and fat among Inoc poults. 
Thus, the beneficial effects observed when the AP diet was fed to Inoc 
poults were not related to an effect on nutrient retention. 
The mechanism(s) whereby the AP diet exerted its beneficial effect 
cannot be clearly established, though some conclusions can be drawn. AP-
fed Inoc poults deposited body tissues to a greater extent than Inoc 
poults fed other diets. This greater accrual of body tissues did not 
result from a greater retention of the consumed nutrients and thus, it 
seems that AP-fed poults utilized the nutrients they absorbed more 
efficiently for tissue gain than did poults fed other diets. The 
nutrient retention and nutrient deposition data obtained with Inoc poults 
fed the CS, CAN, SP, and SPnoK diets point to a possible metabolic 
alteration brought about by SS whereby the dietary nutrients that were 
retained were not efficiently used for tissue gain. It seems that AP-fed 
Inoc poults were able, at least in part, to overcome this effect of SS on 
metabolism. The nature of this metabolic alteration(s) cannot be 
elucidated from this research, but the data obtained indicate that a 
large proportion of the energy consumed and retained by Inoc poults and a 
large proportion of the body energy reserves (i.e., Inoc poults lost body 
fat) were being used for purposes other than for tissue gain. Thus, it 
is possible that SS was somehow altering energy metabolism. 
The factor or factors in the AP diet responsible for the beneficial 
effects observed are not known, although certain differences between the 
AP and CS diets seem not to be responsible for the modulating effect of 
the AP diet on SS. The absence of soybean meal from the AP diet does not 
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seem to be important since the CAN diet, which did not contain soybean 
meal, did not alleviate the effects of SS. It seems that the higher 
sodium and low potassium concentrations in the AP diet are not 
responsible either, because feeding the SPnoK diet (similar sodium and 
potassium concentrations, on a calculated basis, to those in the AP diet) 
to Inoc poults did not alleviate the effects of SS. Fiber content of the 
diet was not related to severity of the disease. The CAN, SP, and SPnoK 
diets had fiber levels similar to the AP diet and higher than the CS 
diet, but Inoc poults fed these diets exhibited none of the improvements 
observed in AP-fed Inoc poults. Also, removal of polysaccharides, 
soluble sugars, and traces of some of the antinutritional factors in 
soybean meal (i.e., use of soy protein isolate instead of soybean meal) 
did not reduce the deleterious effects of SS inoculation. 
Further research is needed to determine what the factor or factors 
are in the AP diet that are enabling SS-affected poults to overcome, 
completely or in part, some of the effects of this syndrome. The 
mechanisms whereby SS exerts its deleterious effects are not yet clear. 
The research presented here points to a possible alteration of 
metabolism, but further research is needed to clearly identify the 
mechanisms whereby SS is altering metabolism and to determine the extent 
to which this metabolic alteration is responsible for the overt signs 
(growth depression and poor feed efficiency) seen in SS-affected poults. 
The importance of the long segmented filamentous organisms (LSFOs) 
observed in the jejunal mucosa of Inoc poults and not in the mucosa of 
Nonlnoc poults in the pathophysiology of SS is not known. Whether these 
161 
organisms are a contributing factor to the effects of SS and their 
importance in the etiology of the disease cannot be elucidated. Research 
is needed to characterize and identify these long segmented filamentous 
organisms and to determine how they may be involved in SS. 
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APPENDIX 
Procedures 
Inoculum preparation 
This procedure was based on the method described by Kouwenhoven ^  
(1978b). 
Initially, the SS-inoculum was prepared from full gastrointestinal 
tracts (GIT) (from the duodenum to the end of the colon) obtained from 
11-day-old commercial poults diagnosed to have SS. Subsequently, full 
GIT from 8-day-old poults inoculated in a previous experiment were used. 
These GIT were frozen at -70 C as soon as they were collected and kept 
frozen until needed for inoculum preparation. 
1. Prepare the tryptose phosphate broth (TPS). 
a. Réhydraté the TPS (Difco Laboratories, Detroit, MI) by 
dissolving 29.5 g in 1000 ml of distilled water. 
b. Measure the pH of the TPS (should be 7.3±.2). 
c. Place the TPS in at least two autoclavable containers (one 
container for dosing Nonlnoc poults, the other for preparing 
the inoculum) and sterilize (autoclave for 20 min at 110 C). 
2. Thaw the GIT (thaw a weight of GIT that is 70% of the weight of 
the inoculum needed (i.e., if 100 ml of inoculum are needed, 
then thaw 70 g of the GIT). 
3. Weigh the GIT. 
4. Weigh an amount of TPS equal to one-half the weight of the GIT 
(1 weight of GIT to .5 weight of TPS). 
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5. Place the weighed GIT and TPB in a Waring blender glass jar and 
blend for 1 min at high speed, or until no large pieces remain. 
6. Pour the blended mixture into 50 ml plastic test tubes and 
centrifuge at 5000 g for 30 min at 4 C. 
7. Remove the supernatant, by pouring off all the liquid that comes 
out, into a container. This supernatant constitutes the 
inoculum. 
8. Keep the supernatant at 4 C until it is used (no more than 2 h). 
Preparation of whole carcasses for dry matter 
and body composition determinations 
This procedure was based on the procedure described by Sibbald and 
Wolynetz (1984). 
1. Weigh autoclavable containers with their lids (one quart canning 
jars with holes punched in the lids). Record the weight. 
2. Weigh the poult(s) carcass. Record the weight. 
3. Weigh an amount of distilled water equal to the poult weight. 
Record the weight. 
4. Place the poult and water in the container. Close the lid. 
Record the weight. 
5. Autoclave for 8 h at 110 C (1074 mm hg). 
6. Allow the containers to cool, dry off, and weigh containers plus 
contents. Record the weight. 
7. Subtract the weight of the container plus the contents after 
autoclaving from the weight before autoclaving. Assuming no 
change in the poult weight, any weight difference will be due to 
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water loss during autoclaving. Record the weight loss. 
8. Weigh an amount of distilled water equal to two times the poult 
weight plus the amount of weight lost during autoclaving. 
9. Pour container contents into a glass Waring blender jar. 
10. Pour part of the weighed water into the container, swirl, and 
pour into the Waring blender jar. Repeat. Pour any remaining 
water into the blender jar. 
11. Blend contents well (approximately 1 min at low speed and 1 min 
at high speed). 
12. Weigh two prelabeled large plastic weighing dishes. Record the 
weight. 
13. Blend contents for 10 sec at high speed and quickly pour or 
ladle out part of the blended contents into the preweighed 
plastic dish so as to almost fill it completely. 
14. Repeat step 13, this time pouring contents into the second 
preweighed plastic dish (duplicate). 
15. Weigh dish plus content. Record the weight. 
16. Dry the sample in a force draft oven at 70 C for 24 h. 
17. Remove the sample from oven and weigh immediately. Record 
weight. 
18. Return the sample to oven and dry for 4 h at 70 C. Repeat step 
17. (If the second dry weight reading is different from the 
first, place the sample in oven for 4 more h, and repeat step 
17). 
19. Allow the sample to equilibrate to the ambient humidity for 
172 
48 h. 
20. Grind the sample to pass through a .5 mm mesh sieve. 
21. Store the sample in a plastic bag. 
22. Calculate percentage dry matter of the carcass as follows: 
[(((Poult wt + wt water added) x 
dry sample wt)/wet sample wt)/poult wt] x 100 
where water added is the total amount of water added throughout 
the procedure minus the amount lost during autoclaving. 
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